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INTRODUCTION

This report describes an experimental program conducted bv Southwest
Research Institute (SwRlI) for the U.S. Army Armament R & D Command, Dover,
New Jersey under Contract Number DAAA21-76-C-0254, As part of the Aruy
Piant Modernization Program, air blast parnmeters have been measured in the
past for single explosive sources, and propellentsand pyrotechnics in their
in-process and final product forms.

In a plant process there are often multiple explosive sources within
a aingle room, on a conveyor or near a barricade. Currently, structures
which may be loaded by simultaneous or near simultaneous multiple detona-
tions are designed according to Section 4-17 of Reference ! According to
this document, the .mpulse loading on the structure is approximated by the
numerical sum of the impulse which would be generated by each individual
explosion whenever the combined duration is less than 1/3 of the response
time of the structure. For combined durations longer than 1/3 the struc-
ture response time, the actual pressure-time history should be replaced bv
a fictitious peaked triangular pu'lse similar to that for a single explo-
sion. The objective of this program is to investigate blast phenomena
near a reflective surface due to multiple simultaneous detonations at
small scaled distances This infermation will be used to supplement the
information contained in Reference 1. Eventually, it is hoped that this
information will lead to a more realistic design of buildings used for the
manufacture of explosives and propellents.

In this program, the blast parameters of several charge geometries
were measured at different charge spacings and standoff distances. At large
distances, the shock fronts from several charges detonated simultaneously
should coalesce and be more or less indistinguishable from that of a single
charge with an equivalent amount of explosive. To ensure that measurements
were made before the individuzl shock fronts had begun tco coalesce, the
transducers were placed at small scaled distances (Z < 1.2 m/kgI 3 or
3.0 ft/16173), Since this was an expluratory program, the tests were organ-
fred {a the following manner.

. The number of charges was held constant at three.
All three charges were detonated simultaneously,

The in-process explesive sources were simulated with
Composition B spheres.

. Three charge geometries were investigated: Grouped, Horizontal
and Vertical Arrays.

The spacing between charges in the horizontal and vertical
array tests was uniform,

The blast parameters mecasured included peak pressure, specific im-
pulse, positive duration and time of arrival. The pressure-time traces
were recorded with piezcelectric transducers and the impulse was obtained
by integrating cvhe pressure histories.

b
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A total of 44 tests was conducted in tour test geometries. Nine
transducers were placed at regular intervals in & straight line. The test
charges were suspended above a reflective surface at scaled distances rang-
fng from 0.335 m/kal/3 (0.84 ft/161/3) to 1.18 m/kgl/3 (3.0 fe/1b1/3),

Each charge was initiated with an exploding bridgewire detonator. A series
of single charge testa was used to establish a baseline from which the
relative blaast output of multiple versus single charges could be de*ermined.
This serieas of tests was alao used to check out the {nstrumentation svstem,
for calibration and to validate the model analysis. A series of tests in
which three charges were grouped together was conducted. These tests were
designed to determine whether charges packed together behave the same as

a single charge of equivalent weight. The horizontal arrav tests may be
thought of as simulating a conveyor system or explosive sources distributed
horizontally. Charge spacing and standoff distance were varied in these
teats. Of particular interest in the horizontal array tests was the pousi-
bility of regions of enhanced pressure and impulse between the charges.

The final tests were conducted to determine the blast output of charges
suspended above the ground in a vertical array.

In this report a technical discussion 18 given in which the model law
is developed. The model law was used to design the experiments and Interpret
the data. The section entitled Experimental Program outlines the test
program, the instrumentation used to measure the blast parameters and the
data reduction methods. The resulting data are presented principally in
the form of graphs. Comparison of the blast output of single and multiple
charges {s made, and tables of all the test data are included as an
Appendix to this report.
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TECHNICAL DISCUSSTON

General

The blast output trom the detonation of a single explosive source in
the tfree tield has been well dotined for many vears. A complete
description of the blast output {8 found {n Refevence 2. To
better describe the charvactevistics of the simultaneous detonat fon ot
several charges, a short descriptfon of the blast output trom a single
charge iz appropriate.

When an explosive source {8 detonated, the rapid release of energy
causes a sudden increasze in vressure in the {mmediate vicinity of the
source.  The vepion of high pressure or shoet front ts characterized by
a near instantancous increase trom ambient conditions (i.e., pressure,
particle velocity, density and temperature) to peak shock tront condi-
tions., The shock front expands radially from the center of the source
at a decreasing rate.  The time varifations of blast parameters of pres-
sure, density, particle velocity and temperature at anv point awav trom
the chatpe center have similar characteristics,  Pressure is shown in
Figure 1. The shock front arives at the point {n question at some time,
tys and the pressure rises almost {nstantancously to the peak value, Py,
Th. »ressure then decavs exponent {ally to the ambient pressure in a
time, *q. The perfod trom the (nitial arvival ot the shock until the
pressure has decaved te the amb{ent conditions  is known as the positive
phave duration. Thereattoer the pressarve drops below the ambient condi-
tion for a time longer than the posttive phase betfore returnfong to the
inftial value. This period (s known as the negative phase durat ton.
Although all of the blast parameters are somewhat similav, the actual
positive and aegat {ve phase durat {fons tor pressute are not necessarvily
the Rame tor the other shock front parameters.

consider now the case of three charges detonating simnitaneousliy.  The
three charges will cach produce scparaie shock tronts which will arrive at
some point in space, sequentially. Az the observazion peint moves tarther
from the charges, the later arriving shock waves will begin to overtake the
{uit{al shock. This is because the initial shock front compresses and
heats the undisturbed afv as (it passes throughy and {n addition, imparts a
velocity to the afr particles {fn the dirvection of shock propagation.  Theve-
fore, the subsequent shocks travel through a warmer, deuser environment
than the fuftial shock which is also moving in the direction of travel of
the tirst shock. Since the shock velocity of o gas {8 an tncreasing tunce-
tion of temperature, the secondary shocks will travel faster than the
initial shock. At some point in space, the three fndividual shocks will
coalesce and be similar at the same distance (o a shock penerated from a
aingle explosive charge with a mass ey, to the total of the three charpe
masses.  Thus the characteristic shape of the pressure at some point in
space may vary from a single shock front, such as in Figure 1, to three
distinct shock front arrivals. Factors governing the tvpe of pressure trace
obtained at a given location are the size of the {ndividual chavges, the
distance between charges and the location of the polont in gquest fon,
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Blas: Parameter Scaling

Experimental studies of blast wave phenomena are often difficult
and expensive, particularly when conducte.d on a large scale. Methods of
computation of blast wave characteristics are often sco involved that one
cannot economically repeat these computations while varying, in a systematic
manner, all of the physical parameters which may affect the blast wave.
Almost from the outset of scientific and engineering studies of wuir blas‘,
various investigators have attempted to generate model or scaling laws which
would widen the applicability of their exper!ments or analyses,

The most common form of scaling, familiar to anyone who has had even
a rudimentary introduction to blast studies, is Hopkinson or '"cube-root "
scaling. This law was first formulated by B. Hopkinson (Reference 1) and
independently by C. Cranz (Reference 4), and states that self-similar blast
waves are produced at identical scaled distances from two explosive charges
of similar geometry and identical explosive material, but of different size,
which are detonated in the same atmosphere. The implications of Hopkinson-
Cranz scaling can perhaps be best described by the example illustrated in
Figure 2. An observer located a distance R from the center of an explosive
source of characteristic dimension d will be subhjected to a blast wave with ]
amplitude (peak overpressure) P, duration t4, and a characteristic time 4
hi. tory. The positive impulse 1 of the blast wave, defined by

cto+t ‘ ?
a d
I = p(t)de (D o

where tgq 18 arrival time of the shock front and p(t) is the wave form of the i
time-varying overpressure, is often used to characterize the blast

wave. The Hopkinson-Cranz scaling law then states that an observer }
stationed a distance AR from the center of a s'milar explosive source of

characte~istic dimension \d detonated in the same atmosphere will feel a )
blast wave of similar wave form, identical amplitude P, duration Aty, and

impulse Al. All characteristic times such as arrival time ty are scaled

bv the same factor as the length scale factor A. In such scaling, both

pressures and velocities are unchanged at homologous times. j

Honkiuson-Cranz scaling has been shown by many investigators to apply i
over a very wide range of distances and explosive source energies. An 1
example of early published work 1is that of Stoner and Bleakney (Reference 5)
which showed that such scaling would apply for a limited range of distances i
and source energies. The list of other investigations corroborating this :
law is too lengthy to include here, but 3 report by Kingery, et al.,
(Reference h) showing very good agreement between blast data obtained during
a fleld test with a 100-ton TNT detonation and predicted values scaled from
experiments with 1- to 8-1b charges, will serve to indicate the usefulness ‘
of this ubiquitcus law. It has, in fact, become s0 universally used that 1
blast data are almest alwaya presented in terms of the Hopkinson-scaled
parameters:
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1/3

2 = R/W
w1/3

(scaled distance)

T =T/ (scaled time) )

[ = I/wl/J (scaled impulse)

This law {mplies that all quantities with dimension of pressure and velo-
city are unchanged in the scaling. Thus, side-on pressure, dvnamic
pressure, and reflected pressure all rewain identical at homologous times,
and both shock velocity and time histories of particle velocity are un-
changed.

Model Analysis

In a program such as this one, it is often beneficial to conduct a
model analysis prior to the beginning of testing. The purpose of the model
analysis 1s to design a series of scaled experiments which will simulate in
a realistic fashion the pressure-time histories of large-scale or pro.otype
detonations of mulitiple charges. Th~ problem addressed by the model

analysis developed below is tuat of three charges detonating simultaneousiv.

The charges are suspended above an infinitely long, Infinitely wide and
infinitely stiff reflecting surface. The object of the model enalysis is
to develop the scaling relationships for the pressure and impulse which
are applied at various points along this surface.

The first step in developing a model analysis is to list all the para-
meters which are required to characterize the phenomena., Table 1 is a
list of the 24 parameters which are required to characterize the explosive
charge, the atuwospheric conditions, the shock front, charge locations and
the reflecting plane. To characterize the explosive charge, the energy
release of the explosive, E, charge radius r, demnsity p,, detonation velo-
city ag, and the explosive products specific heat ratio ye are required.
The effective limit for explosive detonation g 1is listed because, as
is well known, there exists a minimum charge linear dimension below which
it is impossible to initiate or propagate a detonation. This parameter
will define a lower limit for the scale at which the tests will be con-
ducted.

The medium in which the detunation occuvrs 1s characterized in the
aralysis by the ambient air pressure Py, sonic velocity in air a,, ambient
air density p,, ambient air temperature 8,, the specific heat ratio of
air, y, and the specific entrovy, S. The shock itself is characterized
by the velocitylHj gas density pg, particle velocity ug and a shock front
temperature 84,

The remaining parameters are used to characterize the geometry of
encounter and the responses to be measured. In this program it is desired
to measure the pressure P and impulse I as a function of time t, as well
as the arrival time of the shock wave t, and the shock wave duration tg-
The position of the point where responses can be determined by three
coordinates: the standoff distance R, the shock {ront encounter angle 9,
and the spacing between charges,sy.




The second step ia developing &« model law is the derivation cf scaled
quantities, called pi-terms, from the list of important parameters. The
procedure of deriving the pi-terms is described in Chapters 2 and 3 of
Reference 7. For brevity, only the resulting pi-terms are presented here.
Twonty pi-terms can be derived from the 24 parameters listed in Table 1.
One possible set of pi-terms,or nondimensional quantities, is listed in
Table 2.

The first four pi-terms are statements of geometric similarity. That
is, all lengths in the prototype must be scaled by the constant A in the
model for the two systems to be equivalent. The shock wave encounter
angle ¢ is identical in equivalent systems. Pi-terms five to seven state
that similiar explosives must be used in the model and prototype systems,
and pil terms six to eleven require that similiar atmospheres exist in the
model and prototype systems.

Pi-terms 13 to 1Y are the response pi-terms in this analysis. These
terms impose no restrictions on the model, but rather define how to scale
the model measurements of pressure, impulse, arrival time and duration in
order to make prototype scale predictions of the same parameters.

All twenty pi-terms listed in Table 2 can be satisfied providing
replica modeling is used. In a replica model, the same materials are used
in the model and prototype systems, and all geometric quantities are scaled
by the scale factor A. By examination of the remaining pi-terms, the scale
factors for quantities other than length can be established. The use of
the same explosives and atmosphere in the two systems implies that all
densities, temperatures and specific heats will be identical in the model
and prototype systems. Since the szme atmosphere 1s used, pi-terms 7 to 9
furiher imply that velocities and pi-~term 16 implies that pressure will be
invariant between systems. That tre scale factor for energy is A” can be
established hy observing m1g and noting that the scale factors for pressure
and length are 1.0 and A respectively. Similarly,nj9 shows the scale
factor for impulse is A, and Tr0 shows the scale factor for time is A.

Table 3 summarizes the replica scaling law for miltiple detonations.
The replica model law is essentilally an extention of the Hopkinson-Cranz
scaling of blast parameters. Several pi-terms have been added to
account for the extra parameters needed to characterize the test geometry
and 'o account for the fact that the initial blast front compresses,
heats the initially undistrubed air and imparts a net velocity in the
direction of shock front propagation.

The model analysis developed above was used to design the model experi-
ment so that the prototype situation,three charges detonating simultaneously
near a reflecting plane, could be modeled accurately, and sc that the para-
meters required to created a blast-resistant structure would be available.
Tue designer primarily needs to know the pressure and impulse acting on a
structure and he will sometimes use duration measurements when they are

available. Arrival time measurements are useful when multiple shock fronts
are present.
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1f one were to write an equation for the pressure, impulse, time of
arrival or duration at some point on the target, he would be defining a 12
parameter space. That is, each of the responses is a function of the
ot first 12 pi-terms in Table 2. However.many of the parameters in each of
' the pi-terms are essentially constant and may be eliminated from the
analysis without significant loss of &accuracy. For example Ye, Pe. ae,
Pas 83y Pgs Ya and 8, are all invariant. If the size of the charge is
above the minimum size required to sustain detonation, the effective limit
for explosive detonation g may be ignored. Under these circumstances, the |
following functional relationships for pressure, iupulse, arrival time and ;
duration can be written:

T
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In this program only one explosive type will be used;, therefore, the para-

meter E can be replaced by the charge weight W, resulting in a more

familiar form for Equations 3 to 6. 1In addition,if we recognize that only i

the peak value of pressure and the impulse will be used by designers, the

following relations are obtained: 1;
1
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The data accumulated during this program can be used to predict full
scale measurements of P, I, ty and tgq provided the prototype experi-
ments use the same explosive and the measurements are made over the same
range of values of the six parameters in the above functions. The equation
relating the four responses to the independent variables is not derived
as part of this program; instead the data are presented in a graphical
form. Only the peak values of the pressure and the impulse are presented
and all four responses are plotted as a function of ¢ and R/W1/3. Separate
plots for the different charge geometries are presented.




EXPERIMENTAL PROGRAM

General

The objective of this test program was to investigate the blast effects
on a barricade duc to the simultaneous detonation of three charges at small
scalad distances. To accomplish this objective, a technique for measuring
the blast pressures and impulses at scaled distances of 0.32 to 1.2 m/ky
(0.80 - 3.0 ft/1b1/3) was devised. The progrem consisted of exploding
either one or three spherical Composition B charges at various distances
above the ground surface. The Composition B charges were cast by The
Explosive Processing group of the Naval Surface Weapons Center, White Oak
Laboratory, Maryland, and had relatively uniform mass and diameter. Pres-
sure-time histories were recorded with plezoelectric transducers mounted
in metal canisters buried in the ground. Impulse measurements were obtained
by (ntegrating the pressure-time histories.

s it

The program consisted of four serles of tests as summarized in Table 4.
In Test Series 1, a single charge weighing either 0.65 kg (1.43 1b) or ' )
2.29 kg (5.05 1b) was detonated from 0.29 to 1.56 m (0.95 - 5.13 {t) above p
the reflecting plane. This series of tests was conducted to validate the
experimental technique and transducer calibration by generating data which !
could be compared directly with data in the literature. 1In addition, this
series of tests served as a baseline from which the effects of three charges
detonating simultaneously could be evaluated. Test Series lA was conducted
to examine the validity of the model law by detonating a different scaled '
size charge at an equivalent scaled distance. A total of 15 Series 1 tests
was con?ysted at four Jdifferent scaled distances: 0.335, 0.5, 0.672,

1.2 m/kg'’” (0.84, 1.25, 1.70, 3.0 ft/161/3). A schematic diagram of the 3
charge placement and gage positioning {s given in Figure 3a.

Test Series 2 was conducted to determine how the blast output of three
charges which are grouped together differs from the blast output of a
single charge. The test configuration for this series is shown schematically
fn Figure 3b, Notice that the standoff distance R {s measured in this case ]
as the distance from the ground surface up to the center of mass of the ]
three charges. A total of nine tests at the three sca}ed distances, Z =
0.478, 0.716 and 0.960 m/kgl/3 (1.2, 1.81, 2.42 ft/1bl/3), was conducted i
ir Test Series 2. For the grouped array teats, the total weight of the :
three charges was used In computing the scaled distunce Z. This con-
vention facilitates comparison with the single charge test results.

Tesi Series 3 was conducted to investigate the variations of blast i
output of three charges which are distributed in a horizontal arvay for
various charge spacings and standoff distances. The test configuration
for this test series is shown schematically in Figure 3c. A total of l6
tests was conducted in this test series. Three scaled distances were 3
investigated, Z = 0.719, 0.960 and 1.19 m/kgl/} (1.81, 2.42, 3.01 fe/1n!/ 3y,
as well as three charge spacings, s = 0.366, 0.71 and 1.07 m (1.2, 2.33
and 3.5 ft). Of particular interest in this test series was the possibility
of regions of enhanced pressure or impulse at gage locations between
charges over what would be expected if only one charge was present.




The Yfinal test series was desigred to investigate the blast output of
three charges which cre placed in a vertical array. This situation {is
shown schematically in Figure 3d. A total of fog; tests was conducted at
2 scaled distance, Z = 0.51 m/kgll3, (1.29 ft/1b 3). and a charge spacing
of 0.145 m (C.475 ft). As was the case for the grouped charge arrays, the
standoff distance, R, is measured from the ground surface to the center
of mass of the three charges, and W is the total charge weight. This con-
vention is used to facilitate comparison with the single charge test
results,

Transducer Placement

In order to perform the measurements, a reflective surface, capable of
withstanding the loads due to the exploding charges and of holding the
transducers in place, had to be designed. After some consideration, {t was
dec{ded to use the ground as the reflecting plane rather than a more con-
ventional test stand, because in some tests the three charges would have a
separation d/stance of as much as 2.08 m (6.8 ft). 1In order to satisfy
the assumption in the model analysis that the reflecting plane was
effectively infinite in extent in all horizontal directions and infinitely
stiff, a conventional steel test stand would have to be wider, longer
and thicker than was practical, therefore, the ground, which has infinite
dimensions and stiffuness, was chosen as the most advantageous reflecting plane.

The gages were installed in separate fixtures, as shown in Figure
4. Each canister had provisions for removing the surface plate so that the
transducer and cable could be serviced without taking the canister
out of the ground. The bottom cavity of the canister in Figure 4 was
designed to hold several coils of microdot cable, to allow enough slack to
remove the cover plate and transducer. The cable exited the canister
through a NPT coupler and up to the ground surface. The portion of the
cable outside the canister was encased in 1.59 cm (0.625 in) garden hose.
Water tightness of the entire assembly was assured by using gaskets between
the surface and base plates,and by sealing both ends of the garden hose with
silicon rubber.

Three different transducer types were used in this program, and all
three types could be used with the canisters. The PCB 102A03 transducer
threaded directly onto the surface plate as gshown in Figure 4. The
remaining two transducer types threaded into cylindrical plugs 3.19 cm
(1.25 in) in diameter and 3.10 cm (1.22 in) tall. Steel plugs were used
with the PCB 109A02 gages while silicon vuuber plugs were used with
Susquehanna Instruments ST-2. The plugs protruded slightly above the
canister body so that no movement of the plug was possible once the surface
plate was installed. The transducer protruded 0.635 cm (0.25 in) above the
canigster body so that the sensitive diaphragm war flush with the surface
plate. Gaps between the transducer and surface plate were filled with
modeling clay to provide a uniformly flat top surface.

The canisters were buried in the ground so that the surface plate and
the transducer diaphragm were flush with the ground surface. The transducer
cable enclosed by the garden hose exited the ground a minimum of 1,22 m
(4.0 ft) from the gage line. The nine canisters were buried at 0.36] m
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(1.18 ft) intervals. Once the transducers were placed, they remained in
the ground in their original positions until the test program was completed.

Test Procedure

All 44 tests were performed at an outdoor explosives site on the SwRkl
grounds. A typical test was conducted by first installing the pressure
transduceis in the nine canfsters. The type of transducer f(nstalled at any
measurement location was determined by the pressure expected to be
generated by the test. While the Instrumentation was being readied. the
ground surface surrounding the canisters was leveled. On many occasions
it was easier to remove the top 0.8 to 1.6 cm (0.31 - 0.62 in) ot sofl and
replace it with new soil, as previous tests had compacted the soil to the
point where it was unworkable. After the ground surface and instrumentation
was  prepared, the charge was suspended feom a bar 2.44 m (8 ft) high at
the correct standoff distance above the ground., The charges were held in
place above the page line by light string running to two points on the
ground as shown {n Figure 5. After all charges had been scecured, a final
electrical continuity check of all firing and instrumentation lines was
made; the detonators were placed in the center of the sphervical charpes
and positioned so that no fragments would be likely to strike the transducer,
The detonators used in this program were Reynelds Industries RP-81 electronic
bridgewire detonators. These EBW's are used extensively where simultaneity
of detonation of multiple charges is desired. When connected in series, up
to 8 charges can be detonated with a simultaneity not worse than 0,125 yus.
After the detonators were placed and the arca cleared, the exploding bridpe-
wire firing system was trigpered. The data were recorded on magnetic tape
and five channels were backed up by Biomation recorder. Oscillograph records
were made from the data on magaetic tape and polaroid prints made of the Bio-
mation recordings. Typlcal domage to the ground surface produced by a test is
shown in Figure 6.

Instrumentation System

Several different transducers were used in this project to obtain the
pressure-time data. Each transducer was selected depending on the peak
pressure expected at a given measurement iocation. The majority of the
data were recorded using piezoelectric tramsducers, although a few
measurements were made with a plezoresistive type.

The plezoelectric transducers utilize a ceramic or crystal to generate
an electrical charge which is proportional to the stress imparted by the
blast wave. Two models, 102A03 and 109A02, made by PCB Plezotronfcs and
one model, ST-2, made by Susquehanna Instruments were used in this project.
The PCB transducers use a quartz sensing element with a resonant t{requency
of 500 kHz. The model 102A03 has a pressure range of 6.9 to 138,000 kPa
(1-20,000 psi), while the model 109A02 has a range of 13.8 to 827,000 kPa
(2-120,000 psi). These two models are made to withstand up to 20,000 g's
of shock acceleration. They contain a built-in amplifier which provides a
low impedence, voltage-mode output for improved signal-to-noise rattio,
long-line driving capability and good low frequency response as compared
to the high impedence, charge-mode output of other pieczoclectric trans-
ducers,
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The Susquehanna ST-2 transducer uses a lead-metaniobate sensing cle-
ment having a natural frequency of 250 kHz and a pressure range of 0.69 to
3,450 kPa (0.1 to 500 psi). The one pilezoresistive transducer used was a
Kulite Model HFG-375-1,000 having a natural frequency of 500 kHz and a
pressure range of 0-6,000 kPa (0-1,000 psi). This unit was balanced,
calibrated and powered with a B&F Model 1-700 signal conditioner. The out-
put was amplified with a B&F Model 702A-10D differential amplifier having
a frequency response of 0-100 kHz before belng recorded on magnetic tape.

The plezoelectric transducers were connected as shown in Figure 7.
Their outputs were also recorded on an Ampex FR-1900 Wideband 11 magnetic
tape recorder which has frequency response of 0-500 kHz at a record speed
of 3.05 m/s (120 ips). The data were played back with a reduction speed
ratio of 64 into a Bell & Howell Model 1-124 oscillograph recorder with
a 5 kHz CEC response galvanometer. The resultant frequency response of the
playback system was then 0-320 kHz. For quick-look analysis, the output
of some of the transducers was redundantly recorded on Bioiation Models
802 and 1015 transient digital recorders with a frequency response of at
least 0-50 kHz.

The pressure transducers were dynamically calibrated using a hydraulic
calibrator consisting of a triangular chamber filled with oil. Two
symmetric ports are provided for flush mounting a reference and a test
transducer. The pressure pulse 1is generated by dropping a weight down a
guide tube onto a piston which extends through the top of the chamber.
This device produces a half-sine, positive pressure pulse with peak
amplitudes from 0.7 MPa (100 psi) to more than 100 MPa (14,500 psi) and
rise times of 1 to 2 milliseconds. Different weights and drop heights are
used to vary the peak amplitudes. Figure 8 shows samples of typical
calibration pressure pulses. The reference piczoresistive transducer
used was first calibrated using a dead-weight hydraulic tester to check
its sensitivity. Tt {n turn, was used to determine the pressure input to
the test transducer.

Data Reduction

The oscillograph traces and polaroid photographs obtained from each
test were used to obtain peain pressures, positive impulses, arrival times
and positive phase durations. The data were reduced by manually digitiz-
ing the rocords using a Hewlett-Packard Model 9830 microprocessor and a
Heviett-Fackard Model 9864A digitizing plotter. The BASIC program which
‘as used to digitize the pressure-time traces also performed the
following services:

1. integrate the pressure-time trace

2. retain peak positive impulse

3. retain arrival time of each blast front

4, retain peak pressure assoclated with each blast

front arrival

5. retain total positive duration

12
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The pressure impulse and time traces were plotted for each test {in the
format shown in Figure 9. In addition, the pressure-time trace was

stored on magnetic tape along with Items 2-5 listed previously. After
all the data haed been reduced for a given test, a separate program was
used to print a surmary of Items 2-5 in a convenient form for checking
errors and plotting the data. The data are printed by this program in

both scaled and raw form.

13
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EXPERIMENTAL RESULTS

General

The results of the experimental program are presented {u this section
in praphic form. The scalinpg law derived in the model analvsis and pre-
sented in equations 7-10 states that pressure, impulse, positive duration
and time of arrival are a function of the scaled distance 2, the scaled
charge separation s{/r and the shock front encounter angle ©*, In the gen- ;
eral solution, a tive parameter space must be cvonsidered to properly scale
the data, The results presented in this section, however, define a tour
parameter space. This is because the scaled charge size, r/K, was held
relatively constant during the test program (0.0425 ~ v/R ~ 0.154). This
fact does not negate the model law, but only places a restriction that the
use of this data be limited to situations where 1/R {s in the range of
0.0425 to 0.154. Care should be exercised whenever the data prescated in
this report is used for predictions outside this range in r/R.

ln this section, graphs of pressure, scaled specific  impulse, scaled

positive durat{on and scaled time of arrival are presented as a function of

the scaled position. At each value of x/R, the average response parameters,

atong with the maximum and minimum recorded values, have been ploutted while 1

taking advantage of the symmetry about PS5 in the transducer arrav. Measure-

ments at Pl oand P9, tor example, are plotted together, Where appropriate,

two cutrves Jare presented on each graph.  The first is a solid line drawn

through the average points as near as possible while maintaining a smooth \

trangition from point to point and the correct slope (zero) at x/R = 0,

The second line is transferred from the appropriate single charge tigure and

{s presented such that the relative blast output of a single charge versus }

m:ltiple charges can be visualized in a convenient manner. In order to |

easily visualive the differences between different scaled distances ov charge

spacings, all of the plots for a given blast parameter are presented on one

page tor each of the four test peometries. Each tigure is labeled to {ndi-

cate the test series, the scaled standoft distance and the scaled charge ;

separdat fon distance.  All of the pressure, fmpulse, duration and arrival |

time data presented tn this section appear in tabular form in Appendix A. }
1
!
]
1

For the conventience of the reader, the data are presented on the figures
ana e the Appendix in both metric and English units,

Prcﬁsuro_hd}d

The peak pressure data accumulated during this program are shown in !
Figuves 10 to 14, Figure 10 summarizes the peak pressures resulting trom :
the detonation ot a single charge at four scaled distances from a reflecting i
surface. Two scaled charge sizes were investigated in the single charge
tesats to validate the model analvsis (0.68 kg (1.5 1b)  and 2.29 kg (5.051b)),
Stuce the charpe size was scaled as dictated by np of the model law, one <
would expect pressure to be a function of only the position at which it was

*
For conven{ence in presenting the data, the angle ¢ will be represented on

the fipures and [n the discussfons which follow by its horfzontal (x) and )
vertical (R) componeats.
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measured. This is demonstrated by the A and B series tests (2 = 0.50 m/kg‘/‘

(1.25 £ft/1b1/3)) and the R and S series tests, (Z = 1.19 m/kgl/3 (2.99 tt/
151/3)) where a single line can be drawn through all of the test data.
Note that there is a consisteunt trend {n the four pressure curves shown in
Figure 10. As the measuring point moves away from divectly under the charge
(x/R = 0), the peak pressure decays very slowly until x/R approaches 0.2,
This narrow region of gradual pressure change {s followed by a region in
which the pressure decays substantially until x/R is abont 1.5, For values
of x/R greater than 1.5, the decay of pressure with increasing x/R is again
quite gradual. These three regions may be convenfently thought of as (a)
essentially reflected pressure, (b) transition from rveflected to side-on
pressure and (¢) a region which approximates side-on pressure.*

The pressure generated by three 0.23 kg (0.51 1b) charges grouped to-
gether as in Figure 3b, is shown in Figure 11. Three different scaled dis-
tances were investigated for this chatpe configuration. The solid curve
in Figure 11 represents an "eyeball" fit to the data generated by the gpreouped
array. The dashed line represents the single charge data for equal scaled ]
distances. Note that the comparisons given in Figure 11 arve between three ?
0..3 kg (0.51 1b) charges and a single 0.65 kg (1.43 1b) charge. This com-

parison is not intended to demonstrate agreement between single charges and j
grouped charges but rather to indicate differences in magnitude and
t tendency. The reader is rem‘nded that standoff distance (Z) of the group k

array is measured to the center of mass of the three charges. The curves

shown in Figure 11 exhibit a irend consistent with the varfations in pres-

: sure with x/R for the single cha.ges; however, the pressures are rveduced,

: This reduction may be due to a lower energy density of the three charges, \

E

As expected, the gap between the pressure curves for the stagle charge i
and the grouped array decreagses as X/R becomes large, subsequently coalescing ]
at large x/R values. i
Figure 12 presents the variation in pressure for three charges in a )

horizontal array at three different scaled distances. The charges in these
tests were separated by ¢ 71 w (2.33 ft). Above each graph in Figure 1.,
the physical charge locations, relative to the location of the pressurve
transducers are represented by circles. This convention is used to aid the
reader .a visualizing the locaticn of the charges. The comparisons shown
on Figure 12 are between three 0.23 kg (0.51 1b) charges and a single

0.65 kg (1.43 1b) charge placed at equivalent scaled standoff distances
from a reflective plane. The standoff distance for the horizontal arrvay

is computed as the vertical distance to the center of mass of the three i
charges, divided by the total mass of the explosive detonated (i.e., i
0.69 kg (1.52 1b)). Again, the solid line represents the trend ot the hor-
izontal array data, and the single charge results are represented by the
dashed line. Not that for series I and J, the pressure due to the hori-
zontal array exceeds the single charge pressure curve at scaled positions

n of 0.5 to over 3.5. Only directly under the center charge (0 ~ x/R ~ 0.5)
is the pressure from the horizontal array less than that glven by the

[ESOUE————Y

*As x/R becomes large, the pressure curve approaches the side-on pressure
which would be generated by a charge with twice the explosive mass at the
same position (7)e As the slant distance from the charges to the measurement
positicn becomes larger, the pressure in the third region better approxi-
mates the side-on valuee.
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equivalent single charge curve. This is because contributions from the
outside charges arrive too late tv positively reiuforce the pressure mea-
sured directly under the center charge. The converse is alsc true; con-
tributions from the center charge arrive too late to contribute signifi-
cantly t~ the pressure under the outside charges. 1Indeed the pressures
measured directly below the charges in Figure 12 are equal within the
experimental scatter. The implication of this observation is that it is
unfair to compare the single charge resulta with the pressure from 1/3
the explosive at positions directly under the charges. However, the inten-
tion of presenting the dashed line of Figure 12 was not to demonstrate
agreement between the single and multiple charge results, but rather to
highlight the differences, in both magnitude and general tendency, due to
distributing the charge weight in a horizontal array.

To this point, the discussion of the variation in pressure due to
changing the scaled standoff distance for the horizontal array concentrated
on test series 1 and J, but not N, This {s because no single charge tests
at a scaled standoff of 0,33 m/kgl/3 (2.09 ft/161/3) were conducted due to
an oversight when the program was planned., To place the series N results
tnto perspective, it was decided to present the sinple charge curve for
7= 0,67 m/kgl/3 (1.69 ft/lbl/j) in Figure 12. A dotted line is used to
emphasize the single c¢l. ge curve presented for a smaller 7-value. Note
that the equivalent cu. e for 2 = 0.83 m/kgll3 (2.09 ft/1b1/3) would fall
somewhat below the dotted line on the series N plot because of the larger
standoff distance. Note that the trends described above for the series 1
and ! tests also apply to the series N results,

Figure 13 shows the variation in peak pressure due to charge spacing
for horizontal arrav tests. Three different charge spacings were investi-
gated (5.76, 1.2 and 16.8 charge diameters), while holding the scaled stand-
off distance constant at 72 = (.83 m/kgl/3 (2.0% tt/inl/3), The charge location
is again represented on this figure by a c¢ircle and the single charvge curve for
7 = 0.67 m/kg1/3 (1.67 ft/1b1/3) is presented in absence of data at
2 - 0.83 m/kgl/d (2.00 ft/161/3). The correct reference line would fall
slightly below the dotted line on each of the figures. Several observations
can be drawn from Figure 13, First note that the effect of greater charge
spaciues i3 to move the position of maximum pressure towards large values
of x'%.  Por smal!! charge spacings, series P, the pressure curve for the
horizontal arvay approximates that for a single charge. Since no measure-
~ents were made between charges, it is unclear whether a region of enhanced
pressure similar to that described in the previous section and shown on
Slaure 1, oxiwt s,

For the intermediate charge spacing, scories N, 4 narrow reglon of
enhanced pressure exists halfway between the charges, and a broader region
exists for x/R > 1.0. These two regions of enhanced pressure are due to
the superposition of the blast output of the two charges nearest the mea-
surement position. The highest pressures occur at x/R = 0.45, or halfway
betweven charges, because at this point the shock fronts from both charges
arrive simultaneously enhancing the pressure. The single charge blast out-
put exceeds that of the horizontal array in series N for 0 & x/R € 0.3 and
series Q for 0 £ x/R s 1.1. The reasons for this apparent discrepancy werce
described previously, and are due to comparing the output of a single
charge with that of 1/3 the explosive at equivalent distances. Beyond
x/R = 0.3 for series N and 1.1 for series Q, superposition of the blast




output of the two nearest charges results in significantly higher pressuies
than would be observed from a single charge. Although only a narvow repion
fn x/R was explored in these tests, it is apparent that the point where the
horizontal array pressure beginsg to approximate the single charge results
is a function of the charge spacing. Closely spaced charges will approxi-
mate single charge pressures at smaller scaled positions than widely spaced
charges,

The peak pressures resulting from three charges placed 1n a vertical
array are shown in Figure 14. In this case the charge spacing was {airly
narrow, 2.28 charge diameters. The comparisou shown on Figure 14 is between
three 0.23 kg (0.51 1b) charges and oue 0.65 kg (1.43 1b) charge. The
standoff distance for the vertical array is computed in the vertical dis-
tances to the center of mass dividad by the cube root of the total mass ot
explosive detonated. Notice that at scaled distances approaching x/R =0
and x/R > 1.75, the peak pressure for the vertical array tests exceeds that
for a single charge. Unfortunately, only one combination of charge spaciup
and standoff distance was fnvestigated for vertical arravs, 1t i{s theretore
not clear whether regilons of enhanced pressure would exist for diftereat
combinations of 7 and s, Further vertical array tests should be conducted
to see if the trends shown in Figure 14 apply to other charge spacings and
standoff distances.

Impulse Data

The impulse data obtained by numerically integrating the pressurc-
time curves {s given in Figures 15 to 19, All of the ifmpulse data is
plotted in scaled format as dictated by Equation 8, As noted previously,
the impulse from multiple chavge tests s sealed by the total charge
weight detonated.  Scatter in the data, represented by the line drawn from
the miu.mum to the maximum value recorded at a given value of x/R, is pen-
erally larger for impulse than for »neak pressure. Several factors contri-
bute to the larger scatter, including thermal drift and uncertainties {n
determining the positive duration. The impulse for single charyes at tour
scaled distances from a reflecting plane is shown in Figure 15. As men-
tioned in Sectilon 111, the scaled charge size was varied in the A-B and
R-S test series. According to the model law, the impulse from diffevent
charge welights (at a constant Z2) can be collapsed to a single curve by scal-
ing the impulse by the cube root of the charge weight. This is demonstrated
in the A-B and R-S graphs in Figure 15.

Consistent trends in the impulse curves in Figure 15 can be observved.
At small values of x/R, generally less than 0.5, the fmpulse decreases
slipghtly. This region may be thought of as a region of essentially reflectoed
impulse and corresponds to the region of essentially reflected pressure
nreviously discussed. For values of x/R greater than 0.5, the impulse de-
clines more rapidly.

Figure 16 presents the {mpulse generated by the grouped arvay at
three different scaled distances. The general treud exhibited by the siuple
charge tests is followed by the grouped array tests. Note that the dispar-
ity between the single charge and the grouped array tests is not as preat
as was true for pressure. This is particularly true at x/R = 0, wherc the
impulse measured for the grouped arrayv essentially equaled the single charpe
results. As 1is expected the impulses for the grouped array appear to cou-
verge towards the single charge results for larger values of x/R.
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Figures 17 and 18 present the variation in impulse for horizontal
arrays due to variation in charge standoff and charge spacing. Note that
the position of the charges has been included in these figures as was donc
in the previous section. All of the trends discussed in the previous sec-
tion for peak pressure are directly applicable to the impulsc curves,
seen Iin Figure 17, a region of enhanced impulse i{s found between the tw
nearest charges., This region of enhanced response {8 more proncunced than
for pressure (Figure 12). The enhanced impulse 18 probably caused partially
by the contribution to the impulse from the third charge and by a slight
elongstion of the positive duration. The effect of varying the charge spac-
ing on impulse is shown {n Figure 18, Notice that the gencral shape of the
impulse curves are quite similar ;¢ the pressure curves shown in Fipure 13,
but dfscrepancies between the horizontal array and the single charge re-
sults are generally more pronounced. The one exception to this observation
occurs when the charges were spaced the fuyshest apart, Series Q. Here the
impulse is nearly vonstant at 450 Pu—s/kg1 (50 pst—ms/lbl/j) over the
entire range of x/R. Another observation which can be drawn from the hor-
izontal array tests, Figures 17 and 18, is that as x/R becomes large, the
curves for the single and horizontal array impulse begin to converpe. This
is particularly apparent for the curves shown in Figure 17. For wide charge
spacings, (Scries Q), the point at which the two curves begin to overlap is
beyond the range of x/R tested.

The impulse resulting trom three charges placed in a vertical array
are shown in Figure 19, The variations in impulse with x/R is virtually
the same as for pressuce (Figure 14), and therefore the comnents made in
tie section for pressure are directly applicable to Figure 19,

Duration Data

The duration data accumulated during this program are given in Figures
20-24. All of the duration data are presented in a scaled format as required
by Fquation 10. ¥or multiple charge tests, the duration is scaled by the
total charge weight detonated rather than by the weight of an individual
charge. Scatter in the data is greater for duration than for any other par-
ameter measured Juring the program. The factors contributing to the scatter
are the same which affect the veproducibility of the impulse measurements:
thermal drift and uncertainty in determining the time at which the pressure
drops below the time axis. Several observations can be drawn from Fig-
ures 20-14%, which apply to all charge geometries. Filrst, the general trend
is tor the luration to gradually increase as X/R gets larger., The duration
measurements were seldom below 0.15 ws/kgl/3 (0.115 ms/1b1/3) or greater
than 1.0 ms/1bl 3 (0.768 ms/1b1/3); a change of less than one decade.
Apparent exceptions to this observation are found in the duration measure-
ments for the horizontally spaced charges (Figure 22) where the duration
declines divect.: under the outside charge. Note, however, that as x/R
increases from zero, the duration increases until the measuring point is
hilfway between charges. Further increases in x/R moves the measuring point
closer to the outside charge, and the duration in turn decreases until the
measuring point is directly under the charge. Beyond this value of x/R,
the duration increases monotomically., Except for the decrease in the dura-
tion directly under the outside charge for the horizontal array, no signi-
ficant variation i{n the duraticn with charge geometryv was observed.
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Time of Arrival Data

The time of arvival of the fnitial shock front {s shown in Fipure 05,
All of the arrival time data arepresented in a scaled termat as dictated by
Equation 9. Scatter in the data is the smallest observed during the propram,
All of the plots {n Figure 15 present the inftial shock tront avrvival at
each gage. The digstance which {s used to calculate 2 for cach point {s the
distance from the gape to the nearest charge.  The charge weipht used te
scale the time of arrival and in computing the scaled distance {s the total
charge weight detonated for single charpe, grouped and vertical arvay tests,
but the weight of an individual charge 1or the hortrontal arrvay tests,  The
scaling relationships for arrival time collapse the drta to where all tour
charge geometries could be plotted on one figure without facveasing the
scatter appreciably.

Comparison of Single Chavge Results

Pressure and impulise are most often presented as plots of either nor-
mally reflected or side-on parameters as a functiorn of the scaled distanee U
However, for many applications 1t {s desirable to know the pressure acting
on a reflecting surface at positions where neituer side-on nor normalty
reflective measurements are appropriate.  For this reason, Figures 2o and
27 rvepresent a compusite of data from this rveport and tfrom references 7
and 9, In these fipures the peak pressure and the scated specitic impulse
are plotted as a function of the scaled position x/R.  Each curve in those
tigures is tor a different value of the scaled standoff distance 72, and this

value i¢ indicated on the legend in the upper Tett hand corner of the fivares,

Note that the charpe welght used fun computing 7 and in scaling the fmpulse
is the equivalent weight of TNT and not the wetght of the explosive {tselt,
This wias done because ditferent explosives were used to gencrvate the ovi-
ginal data. For example, the data from this report are based on measuvement s
with Pentolite. Data from references 8 and 9 ave based on limited measuve-
ments with Pentolite and primarily Composition C-4 measurements.
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CONCLUSIONS AND RECOMMENDATIONS

A total of 44 tests was conducted at scaled distances ranging from
0.335 m/kgl/3 (0.84 Ft/1b1/3) to 1.18 m/kgl/3 (3.0 ft/1b1/3), Four differ-
ent charge geometries were studied: single charges and grouped, horizontal
and vertical arrays. Based on the results of these tests the following
observations can be made:

(1)

(2)

(3)

(4)

(5)

(6)

The validity of the model law has been verified for single charges
by numerous researchers (2, 3, 4), which is consistent with the
single charge data contained in this report. No attempt to verify
the m. el law for multiple detonations was made during this project.

The pressure and impulse for grouped arrays at small scaled dis-
tances are lower than for single charges. The disparity between
grouped array and single charge pressure is more pronounced than
for impulse.

For horizontal arrays, regions exist where the pressure and
impulse exceed what would be expected from a single charge.
The locatior of maximum response is dependent on the charge
spacing and the standoff distance , but generally is foeound
halfway between charges. Other regions of enhanced pressure
and impulse exist just beyond the outside charge. For very
wide charge spacings, the pressure and impulse ar nearly con-
stant over the entire range in x/R. For very narrow charge
spacings, the reglons of enhanced pressure are less pronounced
than for intermediate charge spacings.

Only one combination of charge spacings and standoff distances
was investigated for vertical arrays. The results indicated
that two regions of enhanced pressure and impulse exist: one
directly under the vertical array and another for x/R > 1.5.

The tests conducted verified the expectation that at large
scaled distances, the blast parameters measured for multiple
charges could approach those of a single charge. The distance
at which the curves begin to coalesce 1s apparently the great-
est for widely spaced horizontal arrays and the smallest for
grouped arrays.

No significant variations in the positive duration were observed
for the different test geometries.

Based on the above observations, the following recommendations are made:

(1)

Although the scaling law has not been verified for multiple
detonations, the measurements in this report can be used to
obtain a more racional design for munition processing plants.
Caution shoula be exercised, however, when extrapolation of
these results is required beyond the scaled distances, posi-
tions, or charge sizes tested.
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(2) Multiple datonation tests with several different charge size
and standoff distance combinations should be planned to verify
the complete model analysis.

3) Only one combination of scaled distance and charge spacing was
investigated for vertical arrays. These tests should be repeated
to determine whether the trends described in (4) of the conclu-
sions will exist for other values of Z and s/r.

) The gage placement for the horizontal array tests resulted in
poor resolution of the variation in response as a function of
x/R. particularly in the region between charges. Should tests
of this nature be repeated in the future, more measurement posi-
tions should be provided in this critical regionm.

(5) Computer programs which could predict the pressure and impulse ]
acting on a barrier due to multiple charge detonations do not
exist at the present time. A three dimensional program would , }
be required, and even if available would be very expensive to run.

A cheaper and probably as accurate prediction technique can be
devised, based on empirical observation and Equations 8-10.
However, the data presented in this report are probably in-
sufficient to accomplish this goal. Therefore, further multi-
ple detonation tests should be conducted and an attempt should
be made to generate empirical predictiou techniques.
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FIGURE

Upper Trace: Ref. Trans-
ducer

Lower Trace: Test Transg-
ducer

Peak Pressure: 38.3 MPa
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Symbo1l

Table 1. List of symbols

Definition
Energy released by the explosive
Radius of charge

Explosive products specific heat ratio

Density of explosive

Explosive detonation velocity
Effective limit for explosive detonation
Ambient air pressure

Sonic velocity in air

Ambient air density

Ambient air temperature
Specific heat ratio of air
Specific entropy

Shock velocity

Gas density in shock wave
Particle velocity in shock wav.
Shock front temperature
Standoff distance

Charge spacing

Shock front encounter angle
Pressure

Specific Impulse

Time

Arrival time of shock wave

Shock wave duration

79

5
FT“/LA

L/T

F/L2

2
FI/L

g

e s kLT

B L osaaa s e



B TR St i e A S L

e

R VRTINS T e R e

%, = r/R

%, = oilk

= g/

e e e/ N

80

geometric similarity

similar explosives

kineaatic similarity

similar atmospheres

JH’,‘_\’A.-. riub e

modified Sach's scaling

similar shocks

scaled pressure

scaled impulse

«w

scaled time
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REPLICA SCALING LAW FCR MULTIPLE DETONATIONS

Quantity

Length
Impulse
Time
Velocity
Specific He
Entropy
Density
Pressure
Temperature
Angle

Energy

TABLE 3.

Symbol
r, si, g, R
1
t, td' ta

U u a
i* "8’ s
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Scale [Factor

A

A

A

1.0

1.0

1.0

1.0

1.0

1.0

1.0
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; APPENDIX
i DATA SUMMARIES

. Table A.1 Metric Unit Summary

Single Charge Tests
Grouped Array Tests
Horizontal Array Tests
Vertical Array Tests

. Table A.2 English Unit Summary

Single Charge Tests
Grouped Array Tests
Horizontal Array Tests b
Vertical Array Tests ]
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TABLE A.1 METRIC UNIT SUMMARY

P

1

i

i

i

y

3

1

1 )

! i

.

;

i

1 |
| H
|
. |
]




T T P T = i tallc e ey ————

(a2 ]
0}
A
.
oS
—
o~
™
.
N
a
—4
™
TN VORI

69L°9 £98°0 S°££Z £°5851 000°0 £vv 1 6 £57°0 162°C 912z

66t°0 ZBEO z°vos v 610¥ 000°0 zgo0°1 8

15110 eL1°0 £°958 6°1¥SZ1 000°0 1Z£°0 ra £57°0 1622 q1Z 4

TOZ*0 zizeo 174902 8+9£042 000°0 19£°0 4 £59°0 1622 a1e i

881°0 5C°0 ?°£057 8°vé6522 000°0 19£°0- v £59°0 16272 41z 5

£1£°0 Zry°0 0°989 0°vosy 0000 12400~ £ £59°0 16Z°C a1z i 4

66V °0 0zZL*0 vovor 6°L61E 000°0 zgo*1- [4 £59°0 16242 412 3

88.°0 cgr’o 1°vEC ¥ 5991 000°0 vy 1- 1 £59°0 162°C a12g

86,°0 va¥°0 0°151 z+9451 000°0 £vv1 6 £59°0 162°C a0Z

£25°0 9LE°0 [AXA~ 4 ?°1¥9¢ 000°0 z8o*1 ] £59°0 ¥62°T 40z

L¥E°0 £0C°0 Le9TY v TL56 000°0 12£°0 L £59°0 12T 402 “

961°0 00£°0 £9L¥1 v /5ZEE 000°0 19£°0 9 £59°0 16Z°C q0c c

SZ1°0 09Z°0 5°052 0°100Z9 000°0 00070 S £59°0 162°2 40z P
; v0C°0 912°0 0°LY1T S*£1662 000°0 19€£°0- v £59°0 162 20z i
i 19£°0 22400 L 666 6°£EV0T 000°0 1ZL°0- £ £59°0 14622 g0z i

125°0 8.£°0 £°8LE 9*'£18E 000°0 c80°1- 4 £59°0 162°2 202 !

108°0 18£°0 v°Zge 0°5£91 000°0 by T~ 1 £57°0 162°Z 40z ]

000°0 000°0 0°0 0°0 000°0 Evv 1 6 LEV'O 6v9°0 vE i

££9°0 B1¥°0 6°181 0°205T 000°0 z80*1 8 LEV*O 6¥9°0 vE

98£°0 112°0 0°£LZ S 8¥5e 000°0 124°0 4 LEV'O &v9°0 vz

£61°0 081°0 0°908 ¥*590L1 009°'0 19£°0 9 LEV*O 6¥9°G Ve

1£1°0 £71°0 S°8IL £'££887 000°0 000°0 s LE¥°0 £¥9°0 ve

S61°0 9vc°0 -0 A 44 6°VEVYT 000°0 I9E°0- v LE¥°O &¥2°0 Ve

z8L°0 £L2o 9°02ZE 9°£00¥ 000°0 12L°0- £ LEV*O 6v9°0 vE  n

099°0 £6£°0 voort 6°606T 000°0 z80° T~ z LEV°O 6¢9°0 vge @

6£0°1 15£°0 LoEL 9°L¥9 000°0 Evp° 1- I LEY*O 6¥9°C vE

££0°1 8v°L 0°0 6°055 000°0 £¥°1 6 LEV*O 6¥9°0 vz

0£9°0 £0r°0 o'vIl B°vSET 000°0 z80°1 8 LEV°O 6v9°0 ve

6L£°0 9L£°0 8°Z9Z B8 £5¢Z 000°0 12£°0 L LEV*O 6¥9°0 vz

981°0 101°0 S°r19 Z°9001Z 000°0 19£°0 9 LEYVO &¥7°0 ve

901°0 621°0 £L011 £°259£7 0000 000°0 s LEV°O 6¥9°0 vz .

181°0 L5£°0 6°L59 Z'v668 000°0 19€°0- 4 LEV*O 6¥9°0 vz

£9£°0 Z&61°0 1512 08552 000°0 12L°0- £ LEV*O 6¥9°0 ve 1

$59°0 434 A 6°BL1 £ L4911 000°0 280° 1~ (4 LEV°0 6¥9°0 vz b

6£0°1 LZv'o £°68 z°109 000°0 £bv1- LS LEF*O 6v9°0 vz

860°1 6¥L°0 [ $F74 ¢ £°£29 000°0 £ov°T 6 LEV°0 690 v

zev°0 000°0 £°0Lt Z°ZE6 000°0 z80°1 8 Lo¥*0 6¥9°6 v1

867°0 000°0 0°££Z Z veay 000°0 1Z2£°0 l LEV*O 6¢9°0 v

L61°0 000°0 8'152 0°£290Z 600°0 19£°0 9 LEV°O 6¥9°0 v _

$Z1°0 000°0 1°566 £°6TL1E 000°0 000°0 S LEV*O 6¥9°0 v1 :

£0Z°0 9£2°0 6°vZ9 0°IvILY 000°0 © 19£°0- v LEV'O V90 v

¥8£°0 £0Z*0 5°82¢ L*965Y 000°0 1ZL°0- £ LEV°O 6¥9°0 v1

$59°0 62£°0 0°0 8°Z£L1 000°0 Z80°1- z LEV*O 6¢9°0 v

££0°1 LEV*O 9°98 8°L19 000°0 EvY°T- 1 LEV'O 6¥9°0 v

(SH) (5KW) (5-vd) (v (W) (W) (W) (93)
WNINHY NOI1vdNa 354K 33NSS3INd ONIIVLS NOIL1¥307 ON FINYLSIO iHOI3M a1
40 3WIL 3nI1L1S04 3A111S0d Y3 394VHI 39v9 39v9 4400nv1S 394YHI 1531
. Yi¥ad 1931 F9YVHD 3TINIS J0 ANVWHNS




e o R R S

m
w i
|
! 000°0 000°0 0°0 0°0 000°0 Evr° 1~ 1 Zesco 6¥9°0 as k
£ 4 S 4 000°0 P9L1 0929 000°0 1% 4 A S é 285°0 6v9°0 ar
i 11£°0 8zL°0 9257 6°0991 000°0 ceo°1 8 ZE5°0 6¥9°0 ae 3
: rov°n 000°0 8°862 L2618 000°0 . 1eLto L c8so &¥9°0 av i
, L0 000°% £e628 T°Z8ELT 000°0 19£°0 14 285°0 6%¥7°0 av b
1 0LC°0 L TARY] Z:i8L £'680CT 000°0 19€°0~ v 285 6¥92°0 av 4
£L¥°0 000°0 8°*9rE v OLET 000°0 1200~ £ 2850 ¥9°0 av
] 184°0 . 143 A 9181 1°5091 000°0 280°1- Z Z85°0 6v9°0 ar
f1c't 000°0 rAZ A [ 44 000°0 gy 1~ 1 2850 6v9°0 ar
1 000°C 000°0 00 0°*0 000°0 1 4 A § 6 0éc°0 &¢9°0 Jé
: 119°0 g5¥°0 8°602 y'voey 000°0 égo’t 8 062°0 4¥9°0 36
i ZFE°0 182°0 96ve v L9vE 000°0 12400 L 04Z°0 . &¥9°0 Jé
i“ Sri*o 611°0 5°85% £°0008T 000°0 19€°0 9 062°0 6¥9°0 Jdé
i A 7££°0 6°8v8Z 6°1CvLL 000°0 0000 < 06Z°0 6v¥7°0 J6
,W 8s1°0 Zyr’o LAl 4 6°£788 000°0 19£°0~ L 4 06Z°0 6¥9°0 24
3 1££°0 2L8°0 S*£0L ¥'10€£8 000°0 1Z24°0- £ 062°0 6¥9°'0 26
3 119°0 505°0 1961 1°¥LLT 000°‘0 280° 1~ Z 062°0 &¥7°0 dé
9:0°¢ £68£°0 I°S1T B°988 000°0 1% 4 Al O 1 062°0 &6¥%2°0 36
£20°1 £968°1 0°651 v'1LS 000°0 13 4 A 6 06Z°0 6¥?°0 J8
0Z9°0 815°0 $°vZC P ¥PLY 000°0 Z80°1Y e 06Z°'0 &¥92°0 a8
2580 $8L°0 €8 AKX 443 4 000°0 1TL°0 L 0s2°C &¥9°0 J8
or1°o £€Z°0 veslzo 4°5089C 000°0 19£°0 9 062°0 6¥2°0 a8
$L0°0 S6C°0 8°'£002 9rELELL 000°0 000°0 S 06Z°0 ¥92°0 a8 O
6¥1°0 602°'0 £°188 0°Z1est . 000°0 t9€°0- v 062°0 6v9°0 J8 ©
ece’o ZIg*0 £°9L2 1°SELE 000°0 1240~ £ 062°0 &¥9°C J8
065°0 6Ev°0 geo08t 0°296% 000°0 €80’ 1~ z 06Z°0 6v9°0 J8
Z8s°0 ¥8g°0 911 - AAY: 000°0 13 £ A T 062°0 &¥?°0 J8
000°0 000°0 02 0°0 000°0 £ve°1 6 0620 6v9°0 JL
€19°0 185°0 ¥ 691 ¥ 0901 000°0 280°3 B 06Z°0 6¥9°0 L
ZELE°o £81°0 é6°81Z B8°oEEE 000°0 12400 L 06Z°0 6v9°0 e 74
¥S1°0 Z91°0 1°£5L 0°1£Z5T 000°0 19€°0 ? 06Z°0 6v2°0 fa 4
980°0 11z°0 8°4£ST ?v89LL 000°0 0000 = 062°0 &v7°0 74
gv1°0 ?631°0 6°E5L 6°91k¥L 000°0 19£° 0~ 1 4 062°0 &¥?°0 ba 74
61£°0 R62°0 P597 FeoIES 000°0 1240~ € 062°0 6¥9°0 L
085°0 8r¥‘0 T 6°1 c+8¢zt 000°*0 280" 1~ 4 0620 6¥9°0 74
Z86°0 95£°0 S48 £°82L 000°0 £y 1 T 0670 6¥9°0 3L
rv.L°0 1££°0 PeT6HT STOLLT 000°0 £ev’T é £59°0 162°C gze
L6¥°0 &69¥°0 2°5S05 1601y 000°0 280°'1 8 £59°0 162°C - [~4
0z£'0 ££Z°'0 v 1111 6°98L51 000°0 12470 L £69°0 16Z°2 dzz
£81°0 ovZ*'o £°:6£81 0°065SE 000°0 19£°0 4 £59°0 162°2 4cz
96t°0 gZzo Z'¥551 0*T0rEE 000°0 19£°0- 14 £59°0 162°2 gze
11£°0 65v°0 9°096 6°'8988 000°0 12400~ £ £59°0 162°C aze
£05°0 <1£°0 0°Zo¢ 2°800F 000°0 2801~ Z £59°0 162°2 azez
TSL'0 reEc o0 8°s51e 65591 000°0 £vr 1~ 1 £592°0 162°2 aze
{(SK) (Si) (§-v4) (V) (W) W) (H) (€13 )]
AT NNY NOILivyHNg 3SM4UT INNSS3IN ONIJV4S NOILVI0T ON 30NViSIa 1H9I3M D !
40 3WIL 3n111504 INILISOd Mv3d JONYHI 39gvg 39v9 J400ONVLS 394VH] 1531 !

vivd 1831 3948YHI FIONIS 50 AYUWWNS 0

- — Tt

e et b bt i 14 e e a s i

[ R SO N



]

vov* 1 2680 £°062 @ L50T 000°0 gvv*l ) 295°1 1£2° TET
g£ic” 689°0 5*Z9¢ £ 0YOZ 000°0 280°1 e Z95° % T62°C c4r
8464°0 (E5°0 &°VIg 2°'9207¢ 000°0 1L 0 L z9u’ 1862 £
0s8°0 LIV 0 £ 59 £°89%Y 060°0 19£°0 9 Z95°1 162 54€
LE0°0 16C°0 B*E£8L L*LTHL 000°0 000°0 [~ z95°1 1422 o’ 3
29u°0 2090 CARA 14 65295 00600 172¢°0- 14 440 142°C cAL
0000 000°0 0°0 0°0 000°0 12£°0- £ c95°1 142°2 CEL
061°1T viv'o VAN 29> £vL9T 000°0 Z280° 1~ Zz Z95°T 1422 S6E
¥or° 1t LEE"*O 0°0 0°0 060*0 eYy 1~ T 295°'1 14242 S6%T
8oLt 9950 1°0871 v-voL 000°0 I AN o) P01 490 ¥OY
280°1 Zro°0 roee [ €Yl § 000°'0 280°1 8 9v0* 1 &y9°N Hov
BLL°O 50v°0 9852 v 1891 000°0 122°0 V4 9vC° 1 ¥9°0 »40b
Z6%°0 48£°C v vre 9 £8LY 000°0 19¢2°0 9 9v0°T &¥?°0 MU
£Lse LET*O 9882 8°5HLY 000°0 000°'0 S 901 90 o1
Z65° 95¢ 0 o vy 6° VOV 000°0 19€° 0~ v V0T 4¥9°0 MOV
£L2°0 8¥9°0 FARAiTA | AR AA N 0006°0 1CL°0— £ vo° 1t 6v9°0 b 14
C60°1 £8v¥°0 AL A A S 66T 000°0 Z80°'1-~ Z v0°1 &t920 MOV
yic't £58°0 L°28 &6°855 000°*0 1202 A £d T Y01 6v9°0 Moy
68¥° 1T [ A4 ] 8861 £+88L 000°*'0 (2401 é FAA M 6¢9°0 P-224
11t £85°0 v°Zo61T ?BILT 000°0 z80'1 8 LA ¢ &¥?°0 e
£18°0 TIE°0 L°16T VAR S5 A 0000 124°0 L vo°T 6P 0 H¥3f
£29°0 09£°0 9092 ?*10LE 000°0 19€£°0 9 9v0°1 b09°0 NaL
095°0 ¢s81°0 S°CIs 0°'0 000°0 000°0 [~ Pv0° 1 &¥9°0 HBEL
1Z9°0 - YA Ad) LAk £4 I1°12%¢ 000°0 1920~ 14 9v0°1 699D 123 ~
£18°C I€L°0 Z°80¢€ 8+02zz 000°0 122°0- £ 9¢0°1 %90 yag el
8l1’: 5L5°0 te102 L L62T 000°0 z80° 1~ Fd 9v0° 1 4¥9°0 yeg
015°1 rA XA 629 194 & ¥4 000°0 ere - 1 ¥0° 1T 699°0 y¥ag
1520 £64°0 1821 2° 955 000°0 [N A ¢ 6 z85°0 ¥9°0 as
8sL°0 I34 A0 c'0oLT v°* 4051 000°0 c80°Y 8 ZBs*0 &v7°0 as
£L¥°0 &6¥°0 AR 43 S* 1298 0000 124°0 4 285°0 &Y9°0 as
¥LC°0 8820 8864 1*'gL02T 000°0 192£°0 9 2850 &¥9°0 ae
c0Z°0 991°0 e LTL ?*T1861 000°0 000’0 5 285°0 6v9°0 ae
cLe*o LL2°0 0°0L9 T*¥09€T 000°0 I?£°*0~- [ 4 ¢85°'0 6v9°0 ae
61v°0 B?L'0 9155 £°2£0C 000°0 1ZL°0- £ 850 6¥9°0 19
[A FAN ] L A% A £°591 8021 . 0000 2801~ Z 85"’ 6v7°0 557
o1’y ?9£°0 r'£é 1°v99 000°0 4 A &5 T Z85°0 &¥9°0 ae
8ri°t 169°0 8131t 9°88% 000°0 X 4 A S é z8s5" 6¥9°0 as
I5£°0 ¥.9°0 9/L52 0*'ov8T 000°0C Z280°71 8 Z85'0 &v9°0 as
89¢°0 850 g£eECce [ $74-4 000°0 1Z24°0 L 285°0 6v9°0 as
zLe°o c61°0 0’819 vr*8vrcv1 000°0 I9€°0 9 cB8s” b¥9°C qas
0ic‘o | 4274 ] 0°208 Z'SEELY 000°0 000°0 S 285" &v2°'0 as
86Z°0 805°0 ?°118 O*vELTT 0000 19€°0- 14 2es’ 6¥7°0 S
105°0 ove*'0 ceave L2882 000°0 12L4°0- £ z85°0 6¥9°0 15
1£C°1 G680 revig 6°0L6T 000’0 c80° 1- 4 Z85°0 b¥P*0D ) {
(SH) (SH) (§~-v4d) (vd4M) (W) (W? (W) (D)
AYAINNY NOILvMNT 3SINJIRI NSSTu gN1IJv4S NOI1v301 ON JINULISIa 1HOI3M I
40 3KIL 3NI11IS04 3NI11S0d MV3d FONYHD 39v9 39v9 44010NVLS F9MYHI 1831

Yiva 1531 394YHI 3IONIS 20 AMVHWNS




TR T R YRR ¥ ST A o o i e et e e e e e e

- T A ¢ 62£°0 L A8 44 6°059 000°0 12X 4 Al £ 1 LEV°O Z2zZz'o 451
662°1 £95°0 1°zet 6°¥05 000°0 £vy°1 6 LEY°O ZZ2Z0 E1 A .
6980 z95°0 | A £A 1°266 000°0 280°1 8 LEY°9 zze'o vl .
.74 Ak 18£°0 £°8871 6°L2%T 000°0 1240 L LE¥°O zzeo E1a¢
80Z°0 ¥i1°0 9682 0°0 000°0 19€°0 9 LEV°O tA XA a1 o
’ 2120 £51°0 L°vCS LS TA R4 ¢ 000°0 19€°0- v LEV°0 ¢zeo vt
' 81v*0 *av'o £°1ce S°v65T 000°0 1Z2L°0- £ LEV°O zczz'o 4r1
££8°0 | 88v° 0 2891 §*°ZZé 000°0 Z80°* 1~ c LEVL 22z o ar1
89%°1 08£°0 8°5L TLL? 000°0 18 4 Al S 1 LEV O cze°o avi
8er-1 o9v°0 968 £°vL5 000°0 1 4 A 6 LEV*O ceeo 4
gv8‘o 815°0 9022 z*'0101 000°0 ZBo*1 8 LEVO [A4ARY 421
- BLY*O &v9°0 852 LAR 2R 4 000°*0 12.°0 L LEY O ceeo 1204
] 0020 061°0 8°L55 S'0tvIT 000°0 19€°0 9 LEY°O zze'o 4T
~m 000°0 0000 0°0 0°0 000°0 000°0 s LEV°O gzzo 3T
»w o12°0 ¥L1°0 2868 66516 000°¢Q I9£°0- v LEV*O rAXAR ] E12 4
4 34 A%/ 955°0 rAN- 1 14 5°L66T 000°0 1240~ £ LEV*O zee’o 1204
w. ¥8L°0 1Z¥°0 15T 9+880C1 000°0 Z80° 1~ < Lyt o ezeto art h
£ ¥l 162°0 rAL 1Y rAS 144 000°0 14 4 A S ¢ LEV*O gce o 1 4
£S1°T 1£5°0 S'9£1 00 000°0 2l 4 A ¢ é 062°0 z2c'o 3st
895°0 €62°0 v yee 0°B¥6T 000°0 12L°0 L 06Z°0 zzco 3st
S¥1°0 Zs1'0 L°E1Y 8°90001 000°0 19€°0 9? 06Z°0 ¢eco 38t R
650°0 860°0 8°068 L°9E60F 000°0 000°0 S 06Z2°0 ceco 38t "
161°0 £02°0 00 0°0 000°0 19£°0~ L4 06Z°0 ezt o 381 q
86£°0 9LC°0 &6°£LL ¥ 6012 000°0 12L°0- £ 062°0 Zzeeto 3s1 < '
00G*C 000°G 0’0 0’0 000°0 c80° 1~ < 062°0 2Zz°0 3s1 i
£81°1 055°0 L°T1T £° 659 000°0 1 4 A S 1 0620 YAXAL 381 _
6221 oy’ o £°611 2 ¥69 000°0 2 4 ! 6 06Z°0 zzeo st :
S9L°0 LT6°0 L°E6C L5¥0T 000°0 c8o°t1 8 06Z°0 ceceto EVA
r46£°0 &69¥°0 [Ad~} *4 AR 4 ¢ 000°0 12L°0 L C62°0 TAAAL LT
1910 980°0 0*£62 0°1vZ8 000°0 19£°0 9 06C°0 zzZTo ur !
900 £1Z°0 8°8BLE 8*L1C0V 000°0 000°0 = 0620 coe’ LT
0510 091°0 9+08¢ 8'vv1s 000°0 19£°0- 14 062°0 cZe*o Lt ;
¥8E°0 662°0 9812 £°4582 000°0 TZLT0- £ 062°0 F X AARY 341 }
P1L0 ¥92°0 6°LET Z2°9£071 000°0 280°1- 4 062°0 [AA AR 341 !
Sv1°1 85£°0 £°cz1 0°8L9 000°0 144 Ay T 042°0 cezzo 341 '
1 S0 £E€¥°0 L° 601 0°L69 000°0 02 4 Al ¢ é 06C°0 [ AAL 3zt |
0000 000°0 0°0 0°0 000°0 Z280°1 a 062°0 czeo 371
95£°0 rAd A 0°9¢Z £°viBT 000°0 124°0 L 062°0 cezeto 391
¥11°0 091°'0 0°0 6° 0595 000°0 19£°0 9 062°0 czeTo 397
500 Z290°0 0°‘0 rAL~) 74 £~ 000°0 000°0 [~ 062°0 rAAAdY 391
000°0 060°0 S°9LE 0*0 000°0 T9£°0~ 14 062°0 [ A2 AK 391
S9£°0 zov°o 00 T°19€1 000°0 3TL00- £ 06Z°0 [ALAKY 9t
80L°0 o1£°0 L°111 0°'B¥11 000°0 Z80° 1~ 4 06C°0 [AAALY) 391 !
iv1°] 0£°0 0°Z8 L°%C9 0C0°0 12 4 Al T T 06C°0 (A AK] EL A _
{SH) (54) (S-vd) (V) (W) (W) (W) 9¥) I
IINT WYY NOIlivunNg 3SINAHI 3YNSSIN ONIJV4S NOILY3J07 ON IINVLSIO 1HII3M 11
40 3WIL 3ANILISOA 3INILISOd Hy3d 3IHYHD 39v9 39v9 JJ00NVLS J9yYHID 1831

S1S31 AVMNY 3d4N0Y¥I 40 ANVHHNS




VR

8Iv°1 ars°o 2+90Z VAT 44 0000 £vv°* Y 6 Z85'0 zZ°0 9z1 Ny
¥86°0 L6Y°0 9°682 S vy 000°0 z80°1 8 z85°0 2zz+o z1 ¥
; 885°0 16Z°0 50061 Srveyl 000°0 12L00 L 285°0 zzz'o 91 by
wd STE°0 1£2°0 8°81f £°v8.8 000°0 19£°0 4 Z85°0 zzz'o ozt L3
! vig*o LL8°0 0°£TS 13844%4 000°0 19£°0- 4 z85°0 zee’ o 9c1 i
: ces°0 £81°0 0°1gT M 4:Tat 000°0 1TL00- £ Z85°0 TzTro act 5
m S66°0 91£°0 5°50T 0°£55£1 000°0 z80° 1~ (4 z85°0 gzz*o 9z E
2 0£Y" T £°1°0 8°reT 5°Z69 000°0 LEVPCI- T 285°0 2Lz o 9z
* £EY T L5600 6+cz1 £°55L 000°0 £vv T 6 zes® zcero a1t
* 546°0 ¥8£°0 14202 S*OTTY 000°0 2801 8 z85°0 zT*o 9211
509°0 00%°0 veEYT 6°9102 000°0 1240 L Z85°0 zzT'o a1l :
- £2£°0 £62°0 gt 4 6'v/88 000°0 19€£°0 9 z85°0 zez+o 211 o :
, 9L1°0 000°0 00 0°0 000°0 00040 S £85°0 Zcz e 911 @© 4
L0F°0 £61°0 9955 0°L£45 000°0 19£°0- v zes° e zze o 911
8£5°0 90%°0 veotz £*65C1T 0000 12400~ £ z85°0 zze o 917
000°0 000°0 0°0 0°0 0000 ¢8O 1- 4 Z85°0 TLT*O 19 g
z5v°1 o9v°0 5°0L T vz 000°0 £¥b T~ T z85°0 ZzZ*o o1t :
ocy 1 199°0 SeviY 0°919 000°0 £vp°1 6 z85°0 zTT 0 501
£56°0 06£°0 0*662 9°068 000°0 zZ80°1 8 z85°0 zzz°0 901 i
545°0 99¢°0 8°¥ZT 0°48TT 0000 124°0 L Z85°0 ZTT*0 9201 !
LO£*0 £L2°0 L°9(LE 8°£0L9 000°0 I9€°0 4 ZB2°0 zoee alo) %
TL100 ALY L6 8°IBELT 000°0 000°0 S z85°0 zCzro 901 :
5C£°0 000°0 0°0 6°9255 000*0 19£°0- v T85°0 zoT*o 901
v65°0 z6¥°0 52 JAKAA R 000°0 1200~ £ Z8Ls° 0 zZeeeo 501
T66°0 2L6°0 0°£82 2 £18 000°0 Z80° 1~ 4 285°0 £eeto 201
S5vet sy’ o S'96 1ezev 000°0 £oy*T- T z85°0 zzz o 2071
v8Z°1 LGLAR 9621 v*S19 000°0 £ov°1 é LEV*O zzeto 451
908°0 TCyo 9022 v°8£6 000°0 280°1 8 LEV*O zZceo 451
£2v°0 15E£°0 1507 Zr 1LY 000°0 124°0 L LEVO ZzT o0 45t
81z°0 160°0 A4 14 v:8016 000°0 19£°0 9 LEV°0 zez o 451 '
9120 8£0°0 6°55¢ 0°10v6 000°0 19£°0- v LEV°O 2zC°0 451
09%°0 zegeo 0°151 9 £9LT 000°0 124°0- £ LE%°0 gzeeo 451
1¥8°0 0S£°0 vzl ?+£501 0000 zBO*1- z (E7°0 zcero 451 A
(SH) (SH) (S~-vd) (944 o) (W) (W) (9
TWNINNY NOI1v3NG 357INIWI 3uNSS AN ONIJV.4S NOILYJ01 ON IoNVLSIa LH9I3n a1
40 3WIL 3111504 3N111S0d MNv3d J9MYHI 39v9g 39ve 4401NYLS 394YHD 1s31

S1831 AvNMY d34N0M9 J0 AMUWWNS

= SO — . e e

e et e e b




PTIoI o p  e
—— g w PN T W = madde gt S T -
: . T ST Y SN st e St L LR Y r : T T T T s et e i L w1

By oy

"
s
i
M
L9 0 I11%°0 P LLY FAX-3AAY ¥ZL°0 1% 4 A4 é <85°0 Potuld ] reg P
[} 3] Siv*0 2°0vgE C'yicy vZL'0 cg0°'1 8 caL¢ POPIOR o re: m
0000 noo*o [ Rd¢] 00 vZLtO 2L'0 ra <8S°D Pafutai =2 ¥
6£€°0 QZv'O LAF S A A¢ c'scoLt vZL00 198°0 9 c8s" 0 oot ”® rec ;
86l 4910 STEYT G*1651T 2Lt 0 0000 S Tes*o FcC0 [ -t
£OYQ £§2C°0 (°FFY [ Ad 22309 4 L0 19£°0~ 1 4 cBs* cce” rec
80c*o 0110 e'vey 00 ¥TL°0 ICL° 0~ £ <8BS oo’ re<z
9LE*O 85¢°0 [ A8 474 £°0CEY $ZL0 c80°* 1~ H4 cES 0 Prbudiuid reg
cv?°0 X giv'o 9851 c*18vl | 2] 1N 4 Al 1 cgC* ce” rec
- ££EY*0 ¥65°0 2°¢871 6 Vv3LT vcL' 0 [ 4 24 é cBs° 0 Potutr d] e
E (234 ¢/ [ Pl *ZZE C'9%8LY | VAN cRo*'y 8 <8< 0 FAN1] | gl
w M 000°0 000°*'0 [+ ARV] 0°'0 vZe'0 TTL°0 r'a zas o Pl o ST
11£°0 L 431 0] ?‘8vET 1°01Cc?1 | 2 TA1) 190 9 <850 cZil” [ 2art
wm rcr*o yic*o ?BLY 00 | 2] 19220~ [ 4 cBsS*o Puateld o rec
W 000°¢ 000°'0 0°0 00 ¥ZLt0 |tV I b % pod - 50K of Patot ol o] rsZ
. 85 °'0 o9v°0 1°6L2 0°946LY ¥2L'0 ¢B8o°* 1~ Z <850 Pubtog res
I 2890 68C°1 £°0C1 ?°Cvel vZsto Ty 1- T c8S9 cce”® T
68%°0 095°0 £°002 0°6181 [ Z ] [N 2 A4 & SE®*d Fatatvld 1] 10
0 L4 ) L°ESY ?:0cy8 ¥CL°0 [A:To Rl o 8 9EvV0 T 0 10%
Iv¥1*0 L9 0 £9Es &*L66DT »24°0 186 £ oEr- O Ptoduly 10%
o020 cgEeo 0°005T 0°¥906C vZL°Q I9€°*G 9 ?E¥° 0 zSC°0 J0%
rE1°0 Z11°0 8°6v9 £°0868% ¥Zs°0 0060 S oY 0 Pebat il o) 10¢
LT 0 orZ*o 0°'892é6 FAd Wl 74 ¥cL0 1982 0- v L0 c&Z*o 10f
951°0 8L1°0 0o’‘gey S IGEIT vcle'o IcL*o- £ 143 o] P atotuidls ) 10¢ o
&312°0 8seo [ A4 74 1°94901 ¥Ze°0 2801~ Z SE®*O P ool o) 10t o
o9¥%°0 105°1T 1°891 v 09sT [ WA 14 2 B €8 ) ¢ L0 ccc” I0L
8Lv*O 0050 56T r*ceoc ¥ZL°0 [ 2 2 é PEVY°O Zec*o 162
LCZ*0 Ive°o 8448 &°2E96 vZL°0 égo°*1t - oty 0 gccoe 1el
¥21°0 LI1°0 S'8LY £°£680C ¥ZLt0 1¢¢*0 r'4 9Ev-0 col*s 162
&ZZ°0 &68Z°'0 L1601 a8'8o0v2 vZi'0 1§74 X 9 L 23 Ad] b4 aCuld o] 1&C
651°0 ¥S1°0 8°I1I98 c'E9902 ©Z.°*0 000°0 S 9Ly 0O coc* 16
9EZ'0 4 A% 9°LE0T 0o*68t8C | 24N 144 W B v 9fv°0 cTT* 162
I?1°0 000°0 T*LL9 1°£266C ¥ZL°0 1L 0~ £ L 2% Al ] Zceto 162
SvZ*0 (21 220 ¢] 8°'9vt 0°8v8BL | TR ) cB80*'T- Z Y0 ccZ'0 162
8ev*'o 8it’'o0 0°1G1 [R50 .owh.o £yy 1~ 1 L4 % A ] Pt ut o] 16
4 X204 (o2 320 § 0*9¢2 S {962 v2e'o j A 4 A é L4 % A ) Pulrid 182
&52°0 oA Ad o) T*L15 ragl 2% ¥Z.°0 cBo*'1 8 L 2% A+ ecc'o 18
[ A 91 98t°*0 8'8vry VAR S ¥4+ | el ICL*O P4 L4 % Ak Zcce 13z
18C°0 9FE?°0 | Aot ) § CtO0f6%9C »ZLt0 1980 9 L 4N Al ] v 182
v81°0 LTE°0 | AN -Y4A4 C'6CB6T [ 2R 000+d [ 1 2% A cce* 1ez
P =Tl ) FA ) 1°0518 o'v8L6E ¥2L'0 19€° 0~ 1 4 eEY° 0 ccc*0 I8
¥?210°0 £0C*'0 L A% £-3% S'Cr Y vZLt0 1L 0- £ L4 Y A <] Ftofod ¢] 18
&¥C°0 [+] 2300 2°5CfE CLYG ¥Ze'o cB8O*1T- Z L 4% 2] cce*o 18
446%°0 80s°'0 [ A8 A [=34 £:3 1 [ ZAAK ] 1% 2 A O ) ¢ 920 Zceto is<c
{SwW) (SK) (S-vd) (Y4N) (W) (W) () aN)
AN I MNMNY NOIivuNg ASTAWI INNSSIUd ONIJVJS NOI.%307 ON IINYISIA 1H9]13N I
40 3WIlL INILISO4 3INI11S04 Y34 IANIVHI 30v9 39v0 AIJOANY 1S IGNYHD 1831

S1S31 AYNIY TWINOZINOM 30 ANYRHNS

= SCaEPe R o e e




ey e " o g - 2 T TR - T e i w A o T, P . T o W T e i T D s e T 6 T =g

3 Il 0215°0 £°5001 0°£663 19£°0 £ry°1- 1 vose o Sz :
P 000°C 000° ¢ 0°0 0°0 ¥ZL°O £ry° 1 6 vzioC cTieo vE 3
000°0 000°0 e 00 vZL°0 19£°0 9 vizo cozen "ri :
T.evo ££1°0 9968 6°¥19 +TL70 006" 0 3 vILt0 ToTe - 3
: £00°0 000°G 9 08¢ 0°Z1521 ¥zso0 19€°0- v 200 cic - % 3
. 5987 ¢ £51°0 5842 v £3589 BTl 52l 0- £ vTIt0 REDE nel E
" Yy 0 158 B ¥yl 6°5695 viz'0 280° T~ c vIL0 SRR s
5 T12°0 £3£°0 8181 TrEyit vl £op°1- ' 57200 - e
: St Satl 51450C 0°60¥T CIAL £rye s vl - e
: St T0¥ 0 rezvs vl FC200 80"l ] ~2_t0 . ~£T
_ Goety 0070 0 v volto 1000 ¢ £2.00 Llts ~ED
iCwro veL o 8°5E5h 8°vI555 I P7£°0 9 vooe SRR rix
GO 0 0y 0°0 00 vzee 0000 ¢ vCL0 coItw NEE
vLeo 60000 00 00 vis0 19£°0- v vicD Tl 25
URRY 000 0°0 00 ¥CLo0 12L00- £ ¥Zeo TTzoo KL
0¥ o v05°0 14982 1569y vZL°0 z80° 1~ z vZLt0 ceTee IEE
£elo vy o 6°9CT L1052 vzLto £yy°T- 1 voz°0 TTEL REf
£:2°0 L9E° e zreee 8°8£61 ¥2L°0 cov*l 6 vILeo zzz'o Nif
Y5e°0 Streo 0°55¢ £'568E vzsto z80°1 ] vz 0 TzZTU0 NT
TLEO 000°0 8 981 £°81L8 ¥2L°0 12270 ¢ v2L0 ZTIT0 NZ§
0w2*0 000°0 0°0 6*0 AL 19£°0 9 ¥zL°0 zzito ne
000°0 000°0 00 00 vZL'0 060°0 s vIL°0 zcze NC
000°0 000°0 00 00 ¥ZL°0 19g°0- v +C2°0 o »TE
8ri o L9140 zeL1E 1°088Y vzio 1220 0- £ ¥Z£°0 2zz*0 NZE
zov*0 £15°0 9° 148 9 L9 vZL00 280° T~ ¢ vzz0 1zZ'0 Nzg o
120 SYE*O 6°191 6°8EET ¥ZZ'0 £vy° T~ ) v2L°0 zzee NZE
2L 0 vrreo 6°9v1 8°0L£1 AL £Yy°1 6 vzL'0 czee NIE
09¥*0 815°0 9°052 0°SaLE YTL°0 z60° 1 8 vze'o zzzo NTE
£8£°0 950°0 S°£ZT v y108 vZL'o 12£°0 < vZi'0 zTT* 0 NIE
£6£°0 960°0 zessy creize vzLto 19£°0 9 vZeoo zTT 0 NIE
TOL°0 000°0 S+ 6101 £°Z18L vzL'o 0000 3 *ZL°0 zzZ 0 NIE
TIv:0 S9£°0 8°L6L 8 156ET vZLo0 19£°0- v ¥zL70 zzc NIE
8.£°0 110 z°vos 19217 ¥ZL*0 12s°0- £ vz 0 zzZ 0 Nig
ozr’>0 $15°0 9°0vy 5°1ZEC ¥ZLos 280°1- z vZeto zzT0 NiE ‘
zeL°0 1Yv°0 8°seT 916 ¥zL'0 Evy°I- 1 vTL0 zoee NTE :
629°0 £05°0 S ¥52 Z°£61C vzL'o Evy T 6 zago Tz rez g
AYE°0 (SE°0 zeezy 8°0565 vzs'o z80°1 8 2850 ZTI*0 rez E
£72°0 980°0 S SYE $°92801 vzLro 12£°0 ¢ £85°0 zzo rzz §
LYE*O ££2°0 e 11L 80581 vzeoo 19€°0 ° zes:” zzT*0 rez
62270 9210 0°0 0°£1221 vzLto 000°0 s Z85°0 ZzTl rez
SeE0 992°0 ~.°848 6° L9581 vZL'0 19£°0- v 785°0 zzTeo rez
(92°0 961°0 043 9:0s16 vZL°0 12200~ £ Z65°0 zTi0 rez
$9£°0 S9E°0 £°20L 00 vZL°0 z80°1- z zBs 0 zzzee rez
119°0 0zL°0 8961 18551 vzLeo £o¥°1- 1 z8s 0 zTT0 reT
(SH) (SH) (S-vd) (YA¥) (W) (W) & (9x)
WATAUY NOXLuNN 351N4M1 39NS53ud ON1IVdS NGI 17307 oN 30NY1S1G 1MJIZN 1
40 3uIL 3A111504 INTLIS04 Nv3d 394YHD 3949 3990 FELLIEE ELN 1530

S1831 AvNYV TWINDZIHOH JO AWYWWNS

[V VA Y T

LI TIPS A S

— L e




AT TN L e 2 ST T —— Ee i i 3 e AT S T S Y R T T T T P T o P et T3 M TE ST ey = W o T % 10 T o r—r ———
£ ;
S .
4 :
£ .
m FLLD ¥62°0 ?°15¢% L6699 2est Z80°1- a $TL°0 ZIZ0 Liv
g A A L0 *L9C AR 2243 4 - Jon 34 ARt K LG TIC T 1524 4
m LAY 0 oy C g°/0V LTy ze0t 14 4 vZL°0 zITe LA
: viE*D 00L" G ras 12 94575 z2gn° 4100 B YcL00 cIot L L 4

ezr*0 08¢ 8°LfY ?°99%Z CBI°T 124°0C L vZLt0o Fd ) | s 4
3 Evv 597°0 gLy ¢croey ceO°1 T9L°0 k4 vZ.t0 I % A
hs LIv e gnee o L°T65 Loort CED'T 0000 > yeLtn 8% LTy
4 LT ARY 1240 -4 4 °T1L%E <en*1 198 G- 14 ¥ZL00 <C*5 [« 4
W A4 ad 69C° 5 T°5L8 & LB6T 2861 12400~ 3 LT AR e o {08 4
2 £62°0 LYE'Q £°59¢ 04979 8% 1 c80° 1~ Z ¥ZL°0 ozt Cly
r £5%°0 cBZo 6612 &°5%CE 230t vy 1- 1 ¥ZL°0 oece e c2y
W S7¢°0 viv'o 6°00L 6°BLlY cgo°1 1N 4 é ¥ZL00 cZT G L1y
19¢°0 B6¥° O 8eecc 0vaEZ zeot 124°0 Z ¥Zeto JoCt s L7r
8Lv°0 609°0 99y STY7LE FASLOR ¢ 1720 9 ¥Zic0 Tz clv
ELY*O ££9°0 vecey AR 774 ¥ ceo°1 I9g°C- ¥ ¥Z£00 ccet e cir
£9v° 0 185°0 | S 21 4 G°551f ce0°1 124°0- £ ¥ZLi°0 Y] Civ
000°0 000°0 0°Q 0°C 8ot ceor1- Z L0 cCT L civ
000°0 0050 00 0°¢C 801 toey1- 1 ¥l o [ Al oy
SE1‘1 1:9°0 £ 1wl B Ad -74 4 19£°0 fyv°'?l é ¥ZLto cTT* oY 74
Z0L°0 9¢5°0 L 9LY 04502 1920 c80°1 e v7L°0 etV ¢ 48
Zivco vEL 0 (551 0'0Zve 1vE*0 12¢°0 L vZLt0 ZzZT*o dCg
Z9g°0 v8Z°0 Z* 065 9 0624 19£°0 1970 14 vZL0 [ AR df
?5£°0 LZ%°0 S'ZETY 92°851v1 19E°0C 000°0 S ¥ZL°0 geec JE
09¢°0 1Z2°0 38 2% 9 eLYEdL 19£°0 19£°0- 1 4 ¥ZL00 zcer e dig «~
LEX°O gcr o o-cac £°Z102 i?L°0 1T¢4° 0~ E *ZL°0 cecto F4 X o
$L9°0 FA YA 0*e81 1%Lt 190 Zeo°t-~ 4 ¥ZL°0 [t A d(g
001°1 14v°0 £°%5 228 X381 19£°0 £y’ 1- T vZLo e 4L
£51°1 £69°0 g+931 g i85 19£°0 13 4 A 6 ¥ZLto Zcg e d7E
120 (05°0 (18 *SLET 19€£°0 Zgo°'t 8 ¥ZL00 cct e 47f
£4v°0 £Lx°0 tAFS ¢ &6°8¥L1 19€°0 tzc°o 4 vZL00 cZc o 49t

SE°C 1£45°0 6°10<L b ¥1és i9€°0 19£°0 9 ¥ZL°0 Pt e’ 4%t

Ecgcv 111°0 ¥ 1£01 0 06ENT I98°0 CG0°0 5 ¥°L70 Zcecte a7f
£51° 09v°0 £yl 55681 19" 0 12€° 0~ v | {4 cIT e d%t
1~74 Ad ] ore°o ¥ 582 15428 19€°0 12£°0- £ $CL°0 2z 478
169°0 LE£5°0 S 1L Z'¥951 I98°0 ZBo°1- < ¥ZL°0 L6 49t
ori-t ?15°0 AR 2 v £95 I9€°0 £Eyy’ i~ 1 vZL0Q Zcc o 458
?51°1 839°0 5951 L8569 1980 15 4 A é ¥ZL00 Zectn L
9ZL°0 6090 8°r£612 T*ocevl 19¢€°0 Zentt 8 ¥ 0 coZt e 458
v 0 9% 0 5°951 Breice 1¥E°0 19 4 ¥ZL00 hauhag s 45

1 4-3 0 18£°0 I 234 B'E£9¢9 190 19£°0 % | S AR citte 458
one*n 2800 6°1fFY LTPETLT 19L°C GOc 0 = | L] Lo d%

TAZ Y 85+° 0 6°7¥¢ 8°844L01 17¢°0 19£°0- 14 ¥ZLt90 vl 33
o?v°0 0%£°0 &° 662 851y 194 12£°0- £ ¥t 0 LI ~ £
912°0 £15°0 -28 4 B¢ L) il § 192G zenc1- < ¥ZLto Zocst SE

(SH)> (SHW) {S- J4) {(vd¥) M) (% (W) (9N

WAL MY NOIivying 3ISINAN] 3IMNSS3IAd ONIIv4S NOIteJ0T on IImviscSIa 1HSI 3 Q:
40 3WIl 3n111S04 3NILISOd wWwig 394YKD 3999 Jovs 24001715 35T 1834

SAS3L AVHdy WINDZIMOH 40 AIVHKNS




&06°0 ?£1°Y
00%?°0 660°0
85£°0 &¥E°0
6°1°0 9L1°0
£L6°0 SEFE°O
£?1°0 TL1°0
8y’ 0 vigo
00%°0 SF¥°0
¥06°0 ¥09°0
190°¢ 605°0
¥89°0 cov°o
Lv° o £€v¥5°0
cL1°0 esc’
000°0 00G°0
ZL1°0 000°0
[-Y ] riv°0
00.°0 000°0
£ro°1 6lv°0C
8cC0°1 £89°0
647°0 £6v°0
oGo o 000°0
£91°0 0600
000°0 000°0
BL1°0 901°0
60t °0 [A SRl ¢
ey?°'0 c5£°0
ivo°*1 L 431 K¢
Z290°1 £L2°0
669°0 F0¥° G
BI¢+ 0 °9¢°0
QLT O £€21°0
281’0 4210
000°0 000°0
699°0 L1v 0
620°1 vZv'o
(SH) (SH)
AL NYY NOItvuyna
40 3WIL IAILISOd

FARS A £08ET Sv1°0 [ 4 Al ¢ 6 rA 4 A [ LA 4]
6°v9% 8'4LL62 1 A ) zeo°t 8 4 4 ¢ 2220
2861 0°69¢C 11 294 ) 1Z4°0 L (44 2K/ Zcen
6°'89¢ 165211 S¥1°0 19£°0 9 4 A ¢ ZcTt o
£'rivl £ vBroy Svi°o 000°0 s t4 4 AN ey
9262 ¥ 88£8 Sv1°0 19g°0- 14 Zev 0O cZcn
9882 v Z299% Sy1°0 12L° 06~ £ 4 4 B¢ LIS
VAN 53 g vige P10 cyg0° 1- 4 t4 4 Al PO
[ OE 4 41 £°L0O6T Sv1°0 gvy1- 1 vy G SOt
v'gv 1'esLT Y A ¢ } R 4 A ¢ 6 [ 4 e ot e
2618 | A ¥-1074 S¢71°0 20Ty 8 P 4 ] TLZEE
0°6¢L5 L9009 5v1°0 1CLt0 4 4 A A7 Cot L
8°5/5 Tr9IiTY S5¥1°0 I98°0 Q s 4 A} ST
00 0°0 Sv1°0 000°0 5 % 4 cC i
0 6°L0¥8 S¥1°0 19£° 0~ v vy D TICt
§°98¢ LAN-TAS S Sv1°0 1¢L°0- £ cyy°0 ceTtl
0°0 00 S¥1°0 801~ Z crv'o cel L
£°01T 1956 SvI°*0 IR 4 Al S 1 4 4 2¢) 2o
L'cot 6°9LIT s¥l°0 grrcl é [4 4 k] PO
£°¥52 ?*¥?02 av1°0 cBO°1 8 cyy'o cCCT U
0°0 0°0 S¥1°0 IcL°0 V4 [4 4 Al+] ZIcT
0'0 9°£512 S¥1°0 1?22°0 ? [4 4 Aal*) DAV
0°0 0°0 Svi°0 060°0 s Zer'o TLTC
LAl 4% 1*10v01 1 A 19£°0- 14 [4 4 Ad¢) LI
L8562 ¥ g£9ee s¥1°0 TCL0- £ ot 4 s ZzZZ*o
0*1sL2 1°£C61 Svi*e ceot1- 4 [4a Al¢] Pt o]
8°voc AR LA S S¥1°0 £y I- 4 4 4 A ezere
¥°Sot 6°Cvrl 11 £ 88 1) f£ry°l 6 [4 4 K<) [£2 Ak
1°10f £ 0867 SvY1°0 [4:10 s B8 T4 4 k] r AL AL
T°1vs 9°LE£92 Sv1*o 1Z2£°0 4 Zvy-0 s o
5°C9¢ [N RS 4 L¥1°0 19€°0 9 4 4 Ak Zcete
104 4 4 $°856 1= ASav] 195°0- L4 [4 4 K] 2ZZ°0
0'0 0°0 s¥1°'0 12L°0- £ t4 4 4"/ T
6°6E2 B*RLLY Sv1i‘0 2801~ 4 [4 4 AR rl A
8°£s1 o°ev8 13 AR Frr° 1~ |4 ry'G T 0
(S-vd) (9dN) (W) ) (W) (%)
3SINIHE 3¥RSES3INd ONIJYAS NOILY¥307 ON JINYLISIG iHBI3n
ANILIS0d Y34 394VHD 39v9 39vo 4308V 1S 3IpueHD

S1631L AVMNY TWIILHIN 40 ANVERNS

T
B
~
93

i
m
i
_



et o oalian S o b st

e

TARLE A.2 ENGLISH UNIT SUMMARY

94




T ™ L ki & G A A T T o ki L M-t = - - - i - ram -
‘Iﬂ, — Bl et i e " st o Lo i Y T T T T ] Y I T T e R T T R ahaT attaartet) R R B R Irty—— y S -

59L°0 c98°0 6°LF 6°62C 000°0 008°95 é 0L 52 050°% a1z -
64%v°0 cero | 9 24 0'£8S 000°0 0092y 8 0452 050°5 a1z H
1££°0 6£1°0 LA A 16181 ¢0C°0 oot *8C L 0452 0505 412 ;
c0c*o 1o I°14< LAR T4} 000°0 ooZ'vt ? 0L°52 50°5 312
8310 5C°9 1*'812 1428 000°0 002 " ¥v1I- v 0L°Z2 050°5 g1c
£1£°90 [A 2 Ak 566 £°17L 00090 ooy *BC~ £ 0482 050°5 412
LY A 0ZL°0 T AN A 8Lt 000°0 009 - (4 0L°52 050°5 412
86:L°0 ra Al [ A8 4% ? 10 900°0 008° 95~ T 0482 050°53 d1c
8L:.°0 vav o L2 ?2°62C 000°0 008° 95 6 0452 050°5 2cz
LEL0 §45°0 L°59 8L 000°0 oCc9cy 8 0452 050°5 a0z
6veL°0 £02°0 619 [Ag:12520 000°0 o0v°BC 4 04°52 050°% 02
9L1°0 6oz 0 1*‘viZ L AE:TA4 4 0000 00Z°¢1 ? 0L°52 050y a0z
sct® 090 4'846% G°Z¢48 000°C 000°0 S 0¢s°52 50°C #0Z
¥0."°0 910 v*991 ?°8LLv 0000 002 ¥1- L4 ¢.’SZ 0555 402z
19€°0 cTLco Lehga] ¢ £oeral 000°0 oov 82— £ 0/4°52 050°% do02
cs5°0 8LF°0 38 4~ 1°£55 000°0 009°Z¥- 4 04°5C 050°5 q0Z
108°0 1810 LEE 6°Z%2 000°0 008°*95- ¢ 0L°5C 050°S 02
GL0°*0 000°0 o0 00 000°0 c08° 95 é [/ TAFA S oY1 vE
£€©/7°0 8iv°0 v°9Z ?'81Z 000°0 009 2% 8 [T AFA ofrv°1 vE
L0 1120 ?6F L°659 000°0 oov 82 L A § Cev° 1 ve
£L1°0 081°0 6°9211 L1424 000°0 [T Ad 21 9 0Z° L1 Otv°1 vE
I£1°0 £11°0 Z2°v01 | A WX 000°0 0000 1~ oY ANA ¢ Ofv°1 ve
561°0 vz o0 r°26 9°£602 000°0 007 °¥1- 1 4 [+ TANA ¢ oEv 1 ve
cego LL2°0 S 9y £°08S 0no0°0 00k 8- £ [T ANA ¢ OEv°1 vE A
099°0 £6£°0 [ 04 0°4¢ce 000°C 009 C¥- A 0Z°Ll ofv*'1 Ve o
650°TL [ £23 g ¢) Z°0t1 *Eé 0000 008° 95~ 1 0241 (1% B § 14
£0°1 I2:] A4 00 6 6L 0000 00895 6 0Z°LT OEv°1 vz
0L7°0 £0£°0 £°91 S 96T ¢00°¢0 009°2¢ 8 0Z2°L1 ofv-1 Ve
6L5°0 9LE°O [ : 3 6°SSE 006°0 00+ 82 4 0Lt Oof¥°1 vz
981°0 101°0 1°¢35 L°9v0F 000°0 (o AS 21 9 0c*Ll ofLv° 1 vZ
901°0 621°0 9°091 1°0861T 000°0 000°0 5 0c Ll oEv°1 vZ
181°0 L5E8°0 ¥°5é S'vOfT c00°Q UTAS 284 v [ TAFA Ofy°1 veZ
£9¢°0 Z61°0 (A & 0148 0000 00V 82— £ 0L ofy°T ve
257°0 ZEP O z°oc £°691 000°0 007°Cb- 4 0Ll ofv° 1 L
&Y 0° T LZ¥°0 o*'sT [ANA-] -000°0 N0 ° 95— T o2 L1 otv°1 <
8c0°1T &vL°0 6°L1 ¥°06 000°C 008°95% 6 0Z* LY ogEv*1 vi
c8?°0 000°0 8°'¢Z [AN330 000°0 0092V 8 [P AN ¢ Otv°l vi
86£°0 000°0 8°'gy ¥ °80L 000°'0 00v* 62 4 or* Lt ogEv°1 LA
L61°0 000°0 5°9L £° 1662 000°0 00Z°+¢T 9? 0Z*LT OEw° 1 vI
5C1°0 000°0 £ovel S°009¥ 000°0 G00°0 s 0zl of¥°1 vy
£0C°0 9LZ°0 904 1°98v2 000°0 00Z°*'v1- 1 4 0z°LT otv°tl V1
¥8-°0 £0Z2°0 FLY L°999 000°0 COv*82- £ [ TAFA ofv°1 vT
S5¢v°*0 &6LE°0 0°0 8°8/1 000°0 007 2Cv- [4 0z L1 L1124 S ¢ vi
£0°T1 LEV°O 9z 9°68 0000 008° 95~ ¢ 0C L1 ofv°1 vi
(SW? (SH) (SK-1S4) (154) (ND) (NI) (NI) (8-1:@ D)

NI HHY NOILvNNg 3SINAWT INNSSINA ONIJYLIS NOI1YI07 ON JINVLISIA 1HOI3NM aI

40 3WIL ANILIS0d 3nIlIscd NY3d 394YHD 39v9 39v3 S40INYLS J9HYHI 1831

ViVl 1S3i J9¥VHI 3ITONIS 40 AYYHWNS




T T D T e o e T e T T T e e T T R R W T TP e TP TR R Y O P e v 7 T T TR S

—ar————————— — - OO - - . -

2650 009°N 0°0 0°0 0000 008" 95~ T 06-2¢ ogv*1 15 !
£1Z2°1 000°C 8°61 e*0é 000°90 008° 9% & 06°2¢ ff£v°l 14 4 :
4 11£°0 8ZL°0 9°9¢ 6°0vZ 0200°C 009°Cv 8 06°2C otr°1 ar ;
] v6r°o 0ud° 0o 6°CY 1°t9¢ 000°0 00v°BC 4 06°Z2 (o} 3 o ¢ ay
z YL2°0 000°9 £°0ct 6°0¥61T 0095°*0 cozZeT b4 0622 1% A ¢ ay
3 0£C°0 e8uz2'o ?°'T11 5°E5L1 000°0 00Z°¥i- ¥ ns*Ze Of¥°1 av i
, £/v°0 000°0 £°05 0°'8EL 000°0 Gov°BC~- £ 06°CC ogv° T v b
4 182°0 ?ev°0 £°92 8zZgl 009°0 007°Cv- 4 0&°22 10 A nv 4
, Tic°t 0C0°G £yl e-°cae 000°0 00895~ 1 DEZE ocv°1 av
000°0 000-0 0’0 0°0 $0¢°0 003°95 6 ov Il [ Sgi 6
. 119°0C 3 Ad ¢} ¥°0f 1°4LC 000°0 0092y f ot 11 (032 S ¢ 36
. : CEE*O 12Z2°0 Z°9¢ 6°203 5000 ony-ec 4 ov 11 CEv© 1l 26
St1°0 617° 018 8°019¢ 0000 [oIiTAS 41 9 oy 1t OEY-1 35
T Sl o 9££°0 Z°Ely 1°62211 000v°0 0000 = oy 1t ogv 1 24
851°0 crico £°05 g£1821 0090 00Z°¥v1- v ov°11 oY1 35 §
1£2°0 CLL*0 AR 4 4 g°8Lv ©00°0 o0v°8Z~ £ ov°lt (U e ! 36 #
1170 SO0 4 £°452 00C*0 on?°Ze¥- 4 cre 11 €73 o3 '
010°1 BEL°0 L£°9} 98621 005 008° 95~ 1 or°11 183 DN 26 ;
£Z0°1 £98°1 1°g &°0v1 000°0 008°95 & or*1t “EYt a8 :
oce e 815°0 9°LE 6°552 ¢00°0 009°Zy 8 or° 11 fo} % A ! Js
c5L°0 38L°0 1 214 L°CE9 000°0 00% °8C L or° 1 ovv°1 28
ori°0 ££2°0 1 74 6°LBBE 000°0 ULITAS Af 9 or°1t czy° 1 38
2£0°0 26270 ?°082 ?°L062T1T 200°0 000°0 < or-11 L % 38
6¥1°0 60Z°0 0°08 8°'neee 900°0 CGoZ° ¥vi- 14 151 2 5 4 HEP°l B8 ¥
erz*o z1e° 9 1°0% 19SS 000°0 00¥°8Z- £ oy 1t vt 2k °©
065°0 4LV O z°9z ?*ver 000°0 009 Z¥- 4 12 AR a4 IEY° T Je
cBs°0 ¥8£°0 6°91 6°521% 6060 008° 95~ 1 or*1t oE¥°1 Je
0%0°0 000°0 0°0 0°0 00C°0 008° 945 6 Oy 11 oLEr°1 74
€190 185°0 LA 24 g°11z 000°C 009°Cy 8 or°it oEyY°1 3¢ %
ZEE°0 L81°0 8°1% g'ter 430°90 0¥ 82 4 ov* 11 oEr°1 V4 :
[ 429 B+ ] [A 2 Sl ] £°901 1°602C 000°0 0GZ°v1 9 or°t1 oy 1 e ¥4
980°0 112°0 £°£lc I ASATA S 000°0 000°0 s Ov*lt Q0Er°1 u V4
9%i*0 961°0 ¥°601 0° 1602 000°0 LhTAS & 82 v 01 Al ¢ oEv°1 A
6i2°0 562°0 s°BL 0° 18+ 000°D o0V °8C- £ Oor°11 CEv°T 74
0e5°0 8r¥°0 5°ve zrest 000°0C 009 Zr- rA or*11 ofv°1 74
z8s°0 92£°0 £zt 9°501 000°0 0o 95~ |4 oV 1t ory°1 74
ws°0 1£4°0 | A4 4 8952 000°0 008°95 ] 0452 050°% . t24
L6Y°0 &9v°0 £°gL 8°109 000°0 (Lol A4 4 8 0L°52 0%40°5 azz
GZr o ££2°0 Z°191 L°E8ZT 0060°0 aGv*8BC 4 0L°52 0546°% aze
£81°0 ovZ'o 8° 99 6°191S 000°0 LIYAS B4 9 [« V-t 4 050°% azz
967°0 sZZ°0 ¥°'5Z2 v ryyey 000°D oCZ ¥1~ L4 0L° 52 0565 |- t44
71E°0 65%°0 £°6C1 £°98Z1 000°0 ooe*Ge~ £ 0L°52 050°5% a4zc
£05°0 2iI£°0 £°85 g£o185 000°0 069y~ 4 0L 52 503 9cc
Z5L°0 1 4 484 £°1¢ FAK1] £4 000°0 Noe* 95— 1 0L° 52 050'% L t44
(SHW) (SW) (BH-1S4d) VIC0 (K1) (RI) (N1} (537}
TN 8MY NOI LvdNd 38IN4WI 3¥NSS344 ONIJYAS NOIL¥I07 OM JINYISIa 1HDI3n 11
40 3KIL 3N111S04 30111504 3934 394YHI 3J9vo 39vo 330108491S 2949HI 1835
ViYd 1531 F9MYHI JTONIS 40 Ld4vWHNS *
1




TIRD £ — PR p— a2,
‘ﬂ‘ =" ik ke B it b 4 i T T T ORI S T Y PR TS T -
o ST TS T iU S i m < v e e B T
3

viv*l 7£8°0 1°cy L %) ¢ 000 00895 é 05°19 050°5 S6%
£I2° £89°0 ?°7I5 0952 000*0 00%?°Cvy 8 0319 5 A SAE
GL6°) L5500 ?'eY nteslt 000°0 oov 82 L 051y 0505 L%
OLgen 'A% A4V 6 vb 7°ELT 900°0 0CZ°vT 9 05° 1% 056°5 c4E
LEER°0 14C°0 VAR S &1 BAVIT 000°0 Q000 5 05°1% 057°C 113
598°0 ?09°0 (A8 ¥ v'L18 000°*C 002y 1~ 1 4 o519 [0 St
060D 000°¢C n°n 00 000°0 ony 8c- £ 05°19 0505 647
L1} L4 1] AR 4 Card 44 060°0 0092y~ Z G119 S0°5 SAL
vt 1l L52°0 (/R Y] G0 20G°C 008°95- 1 05°19 059°"h S&8
205°1 950 1°92 6oLl 000°0 008° 7% b (YA S 4 oty 1 xOY
540°1 v?u A 42 g /87 000°0 GLP 2y e [iZ7AN 14 4 oLyl HOY
BLLYD S50¥°0 5°LE LEv 000°0 0o0v 82 L 0z 1y 1113 A4 b-0rk 4
4500 &Lt o L ov B*y49 000°0 002yl 9 LTS 4 (1% AR MOy
- £55°0 L8510 LAl 4% ?°e0L 090°0 0000 3 NTAS 1 4 ofv*t HOv
w A5 YLv O 5°19 67 (99 000°0 00Z*vT- 1 4 LsTvadn § 4 ore*l 1ol g
L £/(°0 Ly?°0 veel [T F73 1 00C°* 0 00y 8z~ £ 0Z°*1y ore° 1 Hov
.% YA R ¢ 1 24 A4 ] I“1g s5°exl 0G0 C 0GP 2y~ 4 e iy Gyl xOY
w‘ vis°l 580 0z t'is 0060 008* 95~ I ne 1y oLy 1 b Lod 4
3 313 i ! SvL0 g8z £°vll 0065 008° 75 [ [T AR 4 (35 iR oI
i rrtet 5850 6°LL c*isl 000°0 0O ZY 8 0z 1w oty 1 MBE
. £18°0 [Igo 8*/2 Yl 474 000°0 o]0} B ~D4 L oC 1y orr° i b-12) %
he. £29°0 07£°0 0°LE 6915 000°0 0NczZ'vl 9 0Z° 1y (134 gl § yag
W: €95°0 (422 SN ) £'vL 0°0 000°0 0000 5 0Z°iv [/} A ¢ ¥aE
190 8BCY O £°v5s £°559 000°C 00Z*v - 14 0z 1v ofe 1 H3E O
£3i9°0 1££°0 ras 44 1°cee 000°0 (101 Bl = Tty £ oz 1v [ A ¢ N5
811 $L5°0 z°62 zrest 000’0 009 Z¥-~ Z LTS 4 NEV*T ysg
0151 ZEZ0 1°4& 1°£01 0000 008°* 95~ I cZ*1y oYt NaL
1%2°0 8640 7°81 £°08 oCo*0 008°* 75 6 [T 44 OfEv°1 17
8L4°0 6t¥*0 VAR {4 6812 0000 007 2y B 06°Z2 oy T n?
£L¥°9 b0 v 15 £°525 oor* o oov*ec Z 04*2¢C ofv 1 19
¥iZ°o BEZ°O 6°511 11541 ¢00°0 ool g A ¢ 9 (I A (30 A ¢ 19
502°0 Y910 o°tvo1 | AR W 474 000°0 0000 LS 06°2¢ DI% A . av
ZL2°0 LIE*O rARA . TegL4T 0006°0 0GZ vi- 14 06°22 (133 Al ¢ “?
61¥°0 89L°C N°08 8° 007 000°0 00y 8Z- £ G462 ore*t a9
t4 Fad] viv°o oY’ £°541 000°0 007 C¥~ C 0L°CE oiv°1 a3y
Ov1°Y ?9£°0 S'el £¢6 0000 o095~ 3 06 C7 ogv° 1t a9
8ri-1 16%9°0 0°ce v 5y 0G0~ ¢ 008° 75 é 0622 (1% A as
15£°0 ¥i9°0 | A4 6°992 0000 0092y 3 0e’e2Z oLt a5
87¢°0 cE%°0 69V [AXA 002°0 oov°8Z 4 0602 ogv'1 15
cLcto ceLto ?°68 99752 0G0 0 0LZ w1 7 04°Cce ogv°1 s
G120 ¥52°0 £°9L1 £rvisl 0090 0000 o 06°¢CZ (430 Bl ¢ s
8620 803°0 L°L1t 6° 1041 0000 NeIri- 14 06°¢ce Ote*l 15
105°0 or7°9 0 9t 8oty ou0°0 010} STy £ 0s°22 ozk* T as
121 20E°0 AN 4 8° 58 000°¢C 009°*2v~ r4 06°7.Z oty 1 15
{(5K) (SW) (SW-154) (Is4) (NI «N1; (NT1) (s471)
IYATIHIY NCI1vMna ST JANSLIMA ONIJYAS NOI1%207 CN Erl L PR-9411 1H9TI3IM aI
40 3WIL 3ANILISOH INILIGOA4 Av3d 30M4YHT 39ve Jove 3400MY4E J9xYHD 1831

viva 1S31 39MYHD 3NONIS 40 A4VMWHAS




i Lt

40 Wil

(SH)
NOT L9401
INILISCS

—— B Sl e

£°& | 2 27
FAPA ¢ gL
6°5% 6°EV1T
£°L2 P26
[+ Dl 4 o*n
1°9¢ 1°9891
1°2¢ £182
| A 24 eert
[s 240 & ¢ z°gl
0°LT £°¢8
0°¢cz 291
0°0v 0°zzZ
6°08 0°LL91T
0°0 nN*0
£°4S 58281
8°1% L°68C
o°zZ¢ 6°LST
26 L°06
861 0°0
G vL 5°<BC
009 Al 621 4§
(A -TA 0*LBYY
0°0 0°0
L° 6% 6° 508
0°0 0*0
Z°9T L°56
£/L1 £°001
9 Z L*15T
1°vL *ZZ
oz £°5611
1R -1 1°£485
[ AR £°980T
L°1E 1 A% 214
0°0Z £°051
8°/L1 £°84
6°531 1° 101
0°0 0°0
Z°ve 8°1Lc
0°0 9618
00 £ *005L
1°0v 0°0
0°0 | AFA-2¢
Z*'91 2991
6°11 $°06
(SH-15.1) {1354)
3ISTHi4RT 34N~53IxNd
INTL11504 My3d

Y, IR AT TR = TP e 4 MR i e S e e e | a e e i e ey e - s e e et

000°0 008° 95— T oz°L1 [o7.1 add]
000°0 008°95 6 LI AN A 04¥v°0
0000 0092y 8 oz LY N6Y* 0
000°0 00v-8Z L oZ*Lt 06V 0
000°0 ooz vl 9 0oz L 06¥° 5
0060°0 002 vI- v 0Z°L1 oLy o
000°V oov*8c- z LT ANA 04%*0
0000 009 Cv- < 0zZLT 0Ly 0
0000 008° 9?25~ . 14 FANA 046¥°0
000°0 008°* %5 é 0z [ 11 2]
000°0 (e LA A 4 8 [T ANA ¢ 0Ly *h
0000 ooy ec 4 TN ¢ 04¥°0
¢00°0 00Z°¥1 9 LT AN 0Ly 0
000°0 000°0 s oC LT 0L¥°D
000°90 00z v1- v [ TAFA oLy
000°0 0ogr 8z~ £ 0zl (73 2]
000°0 009°Cy- c 0Z*L1 06¥°0
000°0 00895~ 1 oz LY 04¥°0
0060 008° 95 é or°11 04¥°0
0C0° 0 00y *8Z L or° 1T [ 73 Ae
0090°0 o0Z°¥1 k4 1 A 8 ¢ Qv
0600 000°0 I or°11 0sv° 0
000°0 00Z°*v1- v o¥° It G650
000°0 oo¥°8Z- £ or°11 Dis*0
0G2°0 0ne*Zh- r4 oIt (23 Ad¢]
000°0 00E° 95~ T or° 11 (73 ]
0609 008°95 ] ov° 1t 06V°0
000°'0 JO?* Yy 8 ove11 04D
000°0 cov*8Z L or 11 0LP° O
000°0 (AR 4 ¢ 9 o¥° 11 0LE°O
026°0 0G6G*G s or°t1 DEY
000°0 o0Z°vi- v ov1l 06%°0
000°0 Cov* 8- £ or° 1t OLY* 0
. 0000 009 ¥~ Z ov'1I Cov O
000°0 008°* 95~ T or° 11 D5¥° G
000°0 0n3°95 é ov 11 2EVD
000°0 009°Z¢ -] or°11 049°0
000°0 ony 8z r'a ov° 1t 06¥°5H
000°0 LLiTA A 9 o¥ 1T D&Y O
000°0 0000 s ov*'11 [/7-3 A7)
000°0C 00Z°v1- 14 ov 11 LT3 Ade]
000°G oov* a6~ £ ov°'1t O6v° 0
0000 009 Z¥- ' ov° 1t L 7Y ARV
000°0 N0B* 9L~ T or° 1y 04v°0
(N]) NL) (N1) [(§°%: I B3
ONT VA4S NOI1%207 ON 3INILSIN 1HII3M
IHYHY 3999 39v%9 40MHLS J9A4YH

S1S31 AVMMY (34N0Mu0 30 ANYWUNS

Bk LA bt - o a? m

4517
1A
¥
Fid!
w1
EIA
F1 A1
41
4¢7
4z
E 1 ¢
E 2l ¢
4
77
3ET
427
4zt
E12 ¢
3st
327
3371
3Lt
331

98

3zt

. ———




e e ol M Lol EIn | g g T e b
PRT T A L3 T T S e ke gt e g e~ e e

,‘ T e e o e . o ._.:,%,_,_,.__,._-\.-,Hwﬂ”.

@i

siv°1 850 6°6C 6°£é 000°0 008° 9% 6 rA 44 0Ly O a9z1

¥86°0 L6%°0 oy ¥ 0861 000°0 009°2Ctv 8 c472C 26¥°0 a9zt

: ees | SEAd ) ®°LC 9°90C 000°0 00¥°8Z L cé6°ecz 246600 9zt

; LeE°O 1£2°0 rAd 4 4 T°vigt 000°0 L[ TAS 414 9 26°ZZ 0L+ G LTA ¢

,M v¥1.°0C LLE°0 L8 74 £°2/8 060*n 00Z*%1- 1 4 c6°Z2 060 17t

,w 50 L8B1°C 0°61 veotLZ 0000 00v ' &6Z— £ z6°2Z DEY L ult

i 566°0 9180 £°51 (AR L3 Q660 GO?° Y- 4 2622 LY C 921

% oLv°1 LL1°0 L -3¢ 001 Go0° ¢ 00395~ 1 Zsee 045D 8zt

| 9 LSy D 8Lt 9°601 200°0 0095 é z6°2¢ DLv° 0 911

| 5669 ¥’ 0 £&C 1'1%1 000°0 009°Z¢ 8 z6°cT oLy’ o art
3 50%°0 cor°o £°57 5282 000°C 00y °8C < ceee 06¥°h 911 o
| SLZ°O | Al 34 [APA:T4 000°0 [loTAd 44 b4 cé°2Z NEY°C 9211 ©

9L/1°0 000°0 ¢°0 c*0 ¢00°0 000°0 s [ A2 Oty s 9171

LGEO ££1°0 L°08 1°198 000°0 ooz vl [ 4 cé*ZZ LT A e atrty

8.5°0 FOo¥°0O S°0L £°T81 000°0 00t*8Z- £ cé6°ce (172 Al 911

000°0 0006°0 0°0 0°0 000°C GO - r4 cLtze QEv G a1t

nr°1 09¢v° 0 Z°01 0°501 000°0 008 95— 1 26°2¢ [ T2V g11

ot 199°0 LA 4 £68 090°0 00€°95 & 26°Z¢ 064 C g01

540 06£°0 L o 4 FAFEA ! 000°0 009°Cy 8 2622 0Ly o g0t

545°0 99¥%° O 97 AL A Q000 oov 82 r'a (2 A A 173 Al ) 9071

£L05°0 £L2°0 LAl 44 £°CL6 000°¢ oozl ? Z6°2C 06¢°0 9c1

ciro Zeco L5111 0°3125Z 000°0 0G0°0 S &6°2Z2 QAL G 901

2280 009°0C 6°0 9*°108 000°0 0Z°*° i~ 14 ceree 0&r° D o1

vest0 Zév© O £°CF 816t 000G 00¥ 82~ 4 cLtee LY O 901

Z66°0 60 (72 § 4 6°L11 000°9 Q07 ZYy~ z 2622 06¢°0 901

2] Al ¢ Z57°0 o°vi LA 74 000°0 002°* 95~ 1 [£ A AA 0Ly 0 9071

| - Lol L £ e-et 268 Q00°* 0 00e°9% é [T AN A [T Ak 451

903°0 L34 Al 0°2% 1°941 000°0 007°2¢ 8 0z LY NEY* 0 451

LZ¥°0 15£°0 L6 11 ¥4 000°0 00%°8C £ 024t 0690 451

8Ltc°o 140°0 CLY o1zt 0000 GoZ et 9 A 06¥°0 451

?1C°0 eL0°0 9?15 [ 37 2 ¢ 000°0 00Z°y1- L4 [/TANA | 06%°0 51

oSy o zceo &° 17 55 000°C 00V B~ £ T ANA 0Ly 0 451

1vC°0 05£°0 ocer £°L5 ¢00°0 007 Ty - A 0zZ*LY (71 ALY/ 51T

(3W) (SH) (SH- IS4) (1sd) (ML) (NI, (NI) (sq7)
RS2 14 L 19) SEH ELRIELD) 3455344 SNIJY4S NOIi9%307 CN ILsIa IHS I3 91
40 3JWIL 3JALIZIS04 3NILISOd N34 J9NYHI 39v9 3999 440M1S JASUYHD 1831

S1531 AVMNEY Q34N0NI 46 AXYHHNS




o e T ™ r———— A 13 e 3 e g e oo v o oy o e = o
s _ ﬂ

LY NN -

605°0 L4 Ol ¢ L°ZE Z°00C 0045 008°95 é ot°L1 06¥°0 1144
009°0 660°0 6°C% 6°1EY 00L°S 009°2Z¢ 8 v Ll 046¥°0 Hyey
£ 0 6¥E°0 £°82 (AR 43 004°5 0o0¥*8Z ' or° L1 06¥°0 1144
i 631°0 910 L5 0°Le9t 00L"% [oJoTAg 4 9 ov*<Lt 04%°0 Wirdy
1 L40°0 SEL°0 1°50Z 9C91L 00L°'S 000°0 S ov° Lt 06v°0 wry
f £721°0 1£1°0 | 84 4 9°91c1 00L°5% Q0C°v1~ 1 4 (o] AV ¢ O4¥°0 1144
: evz°0 vice*o 6°1¥ Al § % 00L°5 00y -8Z~ £ ov¥°LL (73 A} 34 4
cu9°0 S5tv 0 £°6¥ Z2°'80v 00L°5 009°C¥- 4 (o] AFA O6¥° (244
W¢W vC6°0 v¥09°0 6°0Z 291 00L°5 008° 9%~ ¢ ov* Ll [/1-1 o] 1144
4 190°1 605°0 £°5¢f £°102 0045 008°95 b ov-/1 06¥° 0 WEZ
f. 90 cor°o £ £°£0¢ 004°5 009°2Zy 8 or* L1 (o1 i) HYZ
: LEw G £S5 0 v'e8 z2°899 00L°5 oov*8Z 4 ov* /Lt (73 o) [ 2 £4
c're B5C* 5°£8 1488 00L°5 00Z°¥1 9 o] AA ¢ 0LV ° 0 Wy
©00°0 000°0 0°0 0°0 00s°5 0G0°*0 s ov° LT 0év*0 wve MW
Lo ou0°0 0°0 56121 00L°5 002 v~ 14 ov° /Ll [7-1 ad¢] Wy o~
64£°0 riv°o 2 Al $ 4 ?°LES 004°5 00y *8Z- £ ov° LY G6¥° 0 Wi
000°0 000°0 0°0 0°G 00/°5 009 Zh~ 4 or LT 06¢¥°0 Wyc
tvo-1 18 g 091 z vt 00/°5 008° 95— 1 (o] DA ¢ 0bv° 0O WrZ
8co°t LH89°0 0°8c 0°CyIl 00(°5 008 9C 13 o] AR 06¥° 0 HEZ
&649°0 £69°0 v is ¥’ 662 004°5 009°Cv 8 ov* LT 0s¥°0 WZZ
oun*o 000°0 0°0 0°'0 00/°5 116] A - I L ov‘<st 046¥°0 HES
L71°0 0000 0°0 [ 004°5 06C°¥1 ? ov° /L1 (11 ag4] HFC .
000°0 000°0 0°9 0°0 0045 0060 5 ov* s 06%°D WEZ :
8170 901°0 G ar ?°8051 00/°% 00Z°¥1- 1 4 ov L1 060 HEZ :
6% 0 4 i) 9°CY g£race 004°S o0v*8C- £ [1] AFA 06¥°0 WEZ ,
&6%9° 0 L0 £°6F 8°842 00.°5 0GP Z¥-~ r4 (o] D¢ 04y °0 WEC Am
Iv0°1 rev o £°6C 8°Z291 0045 008°95- 1 ov L1 06v°0 WEZ ,_
ce0° 1 £4C°0 £°51 £°60C 00L°5 008°95 6 oy LY 046%°C HAT ’
£469°0 90v°0 L°EY £rL8C 00L°5 009°Zv 8 /] AA ¢ Co6%y 2 W51
8iv°0 ?9£°0 S°6Y kag4:1 00L°5 oov°8Z 4 ov° /L1 06V 0 WAT
LT°0 £C1°0° 925 Il 4:74 004°5 [JeT AN 44 9 o] A ¢ 06%°0 W61
z21°0 LL1°0 | B4 0°68T 0045 00Z°¢v1~ v o¥* L1 05¥°0 W61
000°0 005°0 00 0°0 00L°5 00v*3Z- £ ov'/s1 06¢°0 H6T
699°0 £1v°0 -0 4 £°L52 0045 Lok ARA Lo Z ov* Lt 06%°0 W6t
6Z0°1 L L4 ] £°ce £°CZ1 004°S 008°* 95~ H Ll A 06¥°D H6T
(S4) (SW (SW-154) (1S.4) (ND) (NI (NI (s
IINI uHY NOT 19N 3STNANI 3NNSS 344 ONIIYAS NOIL1YDJ01 ON JINVLISIA 1H913M ar
30 3WIL ANTLISOG INTLIS04 KR JIHYHT 2999 39vH 4J00NVLS ITHYHD 15831

S1S31 AVMNY WIILNM3N J0 ANVIHNS




L0900
%2 0]
Gty
[ W]
£,200
r £°0
bty
¥’e*0
Sv7t )
Y:Y*'Q
a0
1tz "0
b ¥'t°0
I [V I EREs}

! CLE 0
- Y70
Le'0

e
1o

Ivl1°0
<IN
g i°0
LEC00
9.1°0
61200
Ovv* D

171°0
LeCco
[ A ]
cEZ*O
65C°0
it o
Let

vr31°0

- e
Pl Y

| 44 Olv]
b¥Z°0
ALY °0

(t.d)
VAT 49
40 3WIL

| B % Ad]
5190
ono*o
Cie°C
6%1°0
£JC°
oLrI*9
Ly O
eiv°*'0
¥455°0
L
SIS R
PN
[ STV 7)
ovo°o
a4 Aa V]
(A X4
G20
YCt 0O
LYC*0
ZeCt0
Liteo
ovc°o
B81°0
B8CY O
105°1
005°0
IvC°0
Z11°0
6C°0
¥s21°0
I4 A7)
020°0
151 S ¢)
gig°0
org°1
v o
981°0
7L9°0
£a1ec o
clg 0
£08 ©
orfg°1l
80s°0

(SH)
NJI1v3Na
3InIL1S04

S1S831 AvHMY

8°5C £°61C 05°82 008°95
L AN A4 £°T19 05°8¢ 007*2v
0°0 G*0 05°8C oov 82
E°80C £°69¢C 05°8Z 00 vl
g°s0C Iyl 05°8C 000°0C
£°96 £°1f8cc o5 uZ GOC " vi-
Y 0°0 0%°uc o0ov *BZ-~
6°9¢ FAR A Y 05°BL 0092y~
‘rd 8'vic 05 8¢ QUL 95—
1e¢l L06GLC 05868 008°95
L9V G L6 05°ye 0672y
G0 Qe 05°8¢ oov 8l
GLel L°158C 0%°4 (AR B!
9°Cé 2°0 oL Bz 0O Y1
0°*¢ 0°0 (VP - 1A oouvtgl-
[AN-YS 90469 0L 8C Q0 CY-
et I 2-2 0% 62 CoE"* 75~
06l 8°'19c 05°el 00y 95
8°5” gr1eet 0Lz 007°'2Z¢
A*re LA 4 24 5°8< ovr* el
91 veoicy 058 00c*y1
196 6°CHLE 05°* 8¢ 0C0°0
¥°ovl ?'9.Gt 05*8C LUTAS Ry
5°€9 L A4 4 0592 [o10] Al - ¥ A
1 I 4 v evsl 05°6< N07°Cv-
L A8 2% t*yed 0282 008° 95—
£ 6l 0°LoY oL uZ 008° 95
B°¢S T°¢erl 058l 009°ZYy
| AF-34 £°080Z 05°8¢2 oor°8Z
v°91Z 1°052F 058 00:° 01
0°521 0°Le6s (360 274 000°0
Q°4art [(AF4 1 4 05°8¢ LA Dag 4 8
2°86 O OvEY 05°8< oov*8c-
£°05 £ 8211 S°8c 0077 V-
[ 22 T4 0261 RS0 v 008 ° 75—
0° 0V yroge 5°'8C N0E* 95
0°%L 9°0¢48 onrel (2170t 4
1°57 0 vGoE n5°'8 00 °8C
8°16t1 *LOLE 0582 Plvig 21
£°16 0°9c8C 0582 G000
8°991 BEIEY 0582 00Z'y 1~
rArA T°9LS n5°uc o0o2v°3Z-
PN 4 " 9?7 05°8c¢ 007 Ch -
e*oc €°00C 058z 00€°* 95—
(SH-[54) (1.3 (NI (NI
3 W] 34NS 344 9111745 NCILi9207
3NI1I504 N34 IADMYHD 3999

TIZANGZINOH 40 AMYHWNS

T e — e

CNMTIOIRNDO A IMTNONDOOC~ONMYEONDO-NMTONDOE~NMTION DO

ON
399

(NI)

AcuwLcSIn
4400091LS

(5D

1H9I3m
AGMYHT




(SK)
VAT NYY
30 3WIL

(SH)
NOILtwM¥Na
3ATLISOd

0°99
b°LwT
L°STT
1 9 4 4
6°EY
L°61

6°9%

T°C9
T°0S
Z°£01
0°0

S*Lct
8°'1s
6°101

5°8C

(SH-153)
3STININI
3INILIS0d

T Ty e

2°4698 0C°*'v!
0'0 0582
00 oc 8z
6°ELS 05°8C
Lvint 0582
o*vée 05'8C
16t 05°82
gro8l 05°BC
v'¥0C 0S°8C
P PLY 05°8Z
0*'0 05°8C
8°1508 05°8¢
00 58
0°'0 0582
0°*0 0582
0°189 05°8C
Salr 0582
£°992 05°8C
0°S595 05°*RC
£*68S 05°€c
0°0 0oc°82
0°0 05°8¢
0°0 05°82
8°c0L 05°82
0°LLY 05°82
P -4 05°8C
8'861 05°8¢
0*6vS 05°'8¢C
£LcL 0s'8c
£ I6T1T 05°8¢
?°090°T 0562
S*'€col 05°8C
£E91 05° &8¢
L°9F8E 05*8C
6°0¢1 05°8¢
181t 05+ec
1°£98 0582
£:0481 05°8Z
9 61LE 0582
LARATA 03'8C
I1°v99C 05°8¢
I°0ELET 05°8C
0°0 05°6e
0*9ce 05°82
(ISd) (N1)
3¥NSSIyd ONIJVdS
Nv3d J94VHI

008 95-
006 °5
00Z°¥I

000°0

00C ¥ 1-
oov*8l~-
009 ct~
008°95-
00895
(Aol 4 4

(+10] A - 7

002 %7

000°0C

00C*¥1~
oov*8c-
00%°Cv-
008° 95—
008' 95
009°Z¢

oov*8Z
00c*+1

000°0

ooz v1-
00v 82~
009°Cv-
coR° 95~
008°95
0072V
oov°8Z
o0z ¢l

000°0

Q0 kT~
oov*8Z-
009°*'Cv—~
008° 95~
008’95
009°Cv
oov*8e
00T ¥1

Co0°*0

00c VI~
00y *8C~
009 Cv-
008°95--

(NI
NOILvI0
39vo

3

HOANMETNORNDOEANMITNONDOEONMEVINDEANMNTHIONDO SN €O

ON

39v9

S1S31 AVMMNY TWINOZINOH 40 ANYUWKINS

05°8¢
0S°*8ec
05°*8C
05°8¢
05°8¢
0582
05°8¢
05°8¢
05°8<
0582
05°8C
05°*8C
05°8¢2
05°8¢
(11208 - 14
05°8C
05°8¢C
05°82
05°'82
05°8<
05°8¢
05°'82
05°8C
0582
05°'8c
05°8C
05'8C
05°8C
05°8C
05°*82
05°8C
05-8C
05°8Z
05°8¢
05°'8<
2é*cc
Zé°'ce
Z&*cc
c4°2c
g6
z4'ce
c6°Ce
rA- A X4

7622

(NI?

33NVLISIA
J40UNVLS

MR TN

TS

06v* 0
0é6¥°0
06t 0
06¥°0
046¥°0
06v°0
0470
06%°0
Q6% 0
06¥*C
0&v 0
0640
Qé&v 0
073 Ads]
06%°0
06%°0
06¥%°0
06v*0
06%°0
LT3 AN¢]
0670
06%°0
06¥%°0
06%°0
0&v D
o&6¥°0
06¥°0C
06¥°0
06¥°0
0Ly 0
(o3 AR
06%°0
06%°0
GEY O
0L%° 0
06V 0
0Ly 0
0é¥v°0
06v*0
06¥°0
06¢v°0
06v° 0
06¥°0
06%°0

39MYHT

45¢
NvE
NtE
NYE
NYE
Nt E
NYE
Nt-£
NEE
NEST
NZE
NY E
NEE
NEE
NES
NEE
NEE
NCE
NZE
NCE
NCE
NZE
NcE
NCE
NCE
NC
NIE
NIE
NIE
NIE

102




(SW)
NOILYNMI
3NILISOd

e T Tl N e . : — 0 4 ,.;is ﬂ

0°15 £°000T 09°Zt 00?°Z¥- < 05°eZ 06%°0 (S 4
9°8¢ T+29¢ 09°c 00895~ ¢ oc ez (13 Als Czy
0°65 9069 09°Zy 008°95 3 05°82 0h° 54 4
2y 6°0Z8 09°Cy 009°Cy 8 05°8C o7 Ael 404 4 !
v ev £°L5E 09°*ce oov*8Z 4 0582 o4t C 29 4
't 8°¢L0¢ 09 Zy 00Z°v1 9 5°8Z Q4% °C 40 4 _
v'o8 L°%05 [IX A4 4 €00°G s 05°*8C (70 2] 43 4
LY L A8 4 4 09°Cy o0Z ¥I1- v 5°82 04w 0 Cly
rovs v ELY 0?°cy O0v*8C— £ 5°8c 0hv* 0 4198 4
0°'tES% £L96 09°Cy 0092y~ c 05°8BC 04r° 0 4 4
6°1¢ LELY 09°Zy 006°95- 1 05°8C Oey oly
FEY £°009 o9°Cy 208°95 é 05°BZ 0AY 0 iy
gL L A S 4% 09° 2y 00¥°8Z [ 05'8¢ LIS AN D1ly
9L 0°9¢vS 09'Cy 00Z°¥I 9 5°82 0&v° 0 208 4
589 9°055 09°Zy 002 ¥ 1- v 05°8C 04%°0 /38 4
565 045y (M A4 4 00v*8C- £ 05°'8C 0Lv°*0 [ 4
0°0 0°0 (o) A4 4 009°C¥~ 4 05°8C 04 °0 1S 4
0°0 0°0 09 Zy 008°95- 1 05°82 Qév 0 aly
$*0Z v 8és [T A 008° 95 6 05°8¢ Q& C 448
L AR-T4 f°86C ¢l 0092y 8 05°8C 04¢°0 4ce
L AR A 0'15¢% (o7l A [o]0] g -7d L 05°8¢C 0ty °C 4
9°58 STLvET oZ*'v1 00Z*'v? 9 05°8¢ 0¥ 0 di%
L9991 0°5502 [T A1 0000 s 0582 06b°0 4.8 -
1°£9 6°¥561 oc*'v1 00T w1~ v 05°8c 04v°0 48 ©
&°0F 6° 162 oZ'vt Q0v°*BC- £ 05°82 o723 A7 dcg T
| XA S°562 [T A1 009 C¥- 4 05°82 04 ° 0 dig
6°t1 9°ve [sT A 008°95- T 05°82 06v°0 48
£t'ce g8 [ TAS A 008° 95 6 0582 [ -1 Ale} 49¢
&°0F 26417 [sTAR A Q09°Zv 8 o8l [ T4 e 4%
6°61 L°E5C (TN ¢ o0v 82 14 05°82 0&v*0 49£
8° 101 0'8evl [o TR A ¢ oncv¥l 9 05°8C 06¥°0 47
L AR A IT°vele (7oA 2 000°0 5 os5°ec 04v° 0 47
¥ 401 8°c591 (DAl ¢ 0oCvI- 14 ¢*8C 06%°0 49€ ;
L A3 4 0°GLY [T AR ¢ 00v*8C— £ 05 82 06t °C 49€ M
6°ve 6°9LC Al A 009°Cv- < 05°8C 06v° 0 49¢ .
91 018 STl A oog*¥5- 1 0582 0év* 0 49 !
9?4611 £°600T1 oc*vr1 00E°* 7S A 05°ec o771 Y 45 m
c*81lg S'é6vic 07wy one 'y 8 05°8C 060 45 i
L ce 8'1ct [oTA8 24 0Ov*EC L 05°32 név* o 45
B*£? 0*18s oZ°'v1 GoC*v1 b4 05°*8C 06¥° G 45
?°16 2'eche oC°vl 000°0C 5 05°8C 0&¥* 0 45
£°901 8°'5t5T [T A Q0Z°¥1- v 05°8C 0év° 0 d%
SEy 1°BSY oZ*'vt oov°8Z- £ 05°8¢ 06¥v° 0 oL
0°1c £ 9L 0z vl 009 Z¥- Z 0582 0&v° 0 d5

(SH-IS54) (1S4 (NI) (NI (NI (ST

ASINGWI INNSS3MA ONIJv4S NOTLIYZ0 oN JONYLISIa L1H9,3m 11

3InILISO4 Ng34 EDE L] 39v9 39v9 4307INYLS JOoAHYHT 1S31

S1S31 AvMNY IWINOZINOH 40 AMYWWNS




549°0
zov'o
18v°0
9Sv°0
veEeo
85%°0
000°0

(SW)
TVnTNEY
40 3WIL

66£°0 0°¥El SL1? 3 AK4 4 008°9S é
®4Z°0 6°Sy 6°90S 09°Cy 009°Cr 8
8z9°0 | A4 4 FAS £:1% o9y oor°8Z L
09°0 [ A8 ¥4 L X4 4 09°cy 00Z°¥1 9
11z°0 £°1¢ S L0V (1) A4 4 000°0 -~
£62°0 0°19 L0 4 49 09°Cv 00Z°¥1-~ v
000°0 0°0 0°0 092y oo¥ 82— £
(5H) (SH-154d) (1S4) (NI (N1,

NOIlvidnd 3ISTNGURI UNSSING ONIDV4S NOILVY301 ON

3A111S04 3ANILISOd Nv3d 39MYH] 39ve 3gvg

§1S31 AVMYY TYLNOZINOH d40 AMVHWIS

——

104

0s°8¢C 06¥%°0 oey
05°8¢2 06¥%°0 oty
05°82 06¥°0 1334
05°82 06¥°0 DEY
05°8Z 06¥°0 oLy
05°8¢ 06t °0 DEY
05°8¢ 06%°0 DEV
(NI) (sd7)
3JONVLISIa 1HOI3M a1
440aNV1S JOHYHI 1831




DISTRIBUTION LIST

Commander
1JS Army Arn.ament Research and
Development Command
ATTN: DRDAR-CG b
DRDAR-LCM-E :
DRDAR-LCM-S (25) .
DRDAR-SF .
DRDAR-TSS (5) 3
Dover, NJ 07801 =

L b vl

Chairman
Dept of Defense Explosive Safety Board (2)
Forrestal Bldg, GB-270 .
Washington, DC 20314 ]

Administrator
Doafanse Documentation Center

. ATTN: Accessions Division (12)
Cameron Station .
Alexandria, VA 22314

Commander

Department of the Army

Office, Chief Research, Develcpment
And Acquisition

ATTN: DAMA-CSM-P

Washington, DC 20310

At alii e, e 2 Kt

Mifico, Chief of Engineers
£ TTN: DAEN-MCZ
Washington, DC 20314

L i e At o

Commrander
US Army Materiel Development
and Readiness Command
ATTN: DRCSF
DRCDE ,
DRCRP ;
DRCIS ‘
5001 Eisenhowar Avenue
Alexandria, VA 22333

O 2 S SO S

105




Pl

Commander

DARCOM Installations and
Services Agency

ATTN: DRCIS-RI

Rock Island, IL 61288

Director

Industrial Base Engineering Activity
ATTN: DRXIB-MT & BN

Rock Island, IL 6129%

Commander
US Army Materiel Development
«nd Readiness Command

ATTN: DRCPM-PBM
DRCPM-PBM-S
DRCPM-PBM-L (2)
DRCPFM-PBM-E (2)

Dovsr, NJ 07801

Commander
US Army Armament Materiel
Readiness Command

ATTN: DRSAR-SF (3)
DRSAR-SC
DRSAR-EN
DRSAR-PP]
DRSAR-FPI-C
DRSAR-RD
DRSAR-IS
DRSAR-ASF

Rock Island, IL 61299

Director

DARCOM Field Safety Activity
ATTN: DRXOS-ES (2)
Charlestown, IN 47111

Commander

US Army Engineer Division
ATTN: HNDED

PO Box 1600, West Station
Huntsvills, AL 35808

108

LY

Py




Commander
Badger Army Ammunition Plant
Baraboo, WI 53913

Commander
Indiana Army Ammunition Plant
Charlestown, IN 47111

Commander
Holston Army Ammunition Plant
Kingsport, TN 37660

Commander
Lone Star Army Ammunition Plant
Texarkana , TX 75501

Commander
Milan Army Ammunition Piant
Milan, TN 38358

Commander
lowa Army Aminuniticn Piant
Middletown, IA 52638

Commander
Joliet Army Ammunition Plant
Joliet, IL 60436

Commander
Longhorn Army Ammunition Plent
Marshall, TX 75780

Commander
Louisiana Army Ammunition Plant
Schreveport, LA 71130

Commander
Ravenna Army Ammunition Plant
Ravenna, OH 44268

Commandar
Newport Army Ammunition Plant
Newport, IN 47866

107

i B laalilin 5 Nt Sl




Commander
Volunteer Army Ammunition Plant

Chattanooga, TN 37401

Cocmmander
Kansas Army Ammunition Plant
Parsons, KS 87357

District Engineer

US Army Enginesring District, Mobile
Corps of Engineers

PO Box 2288

Mobile, AL 36628

District Engineer

US Army Engineering District, Ft. Worth
Corps of Engineers

PO Box 17300

Ft. Worth, TX 76102

District Engineer

US Army Engineering District, Omaha
Corps of Engineers

6014 US PO & Courthouse

215 N 17th Street

Oriaha, NB 78102

District Engineer

US Army Engineering District, Baltimore
Corps of Engineers

PO Box 1715

Baltimore, MD 21203

District Engineer

US Army Engineering District, Norfolk
Corps of Engineers

803 Front Street

Norfolk, VA 23510

Division Engineer

US Army Engr District, Huntsville
PO Box 1600, West Station
Huntsville, AL 35807

108




;' i wmmﬁ'wml--lwﬂd“lmﬂﬁ‘wi.n .

Commander
Naval Ordnance Station
Indianhead, MD 20640

Commander

US Army Construction Engr Research
Laboratory

Champaign, IL 61820

Commander
Dugway Proving Ground
Dugway, UT 84022

Commander
Savanna Army Depot
Savanna, IL 61704

Civil Engineering Laboratory

Naval Construction Battalion Center
ATTN: L51

Port Hueneme, CA 93043

Commander

Naval Facilities Engineering Command
(Code 94, J. Tyrell)

200 Stovall Street

Alexandria, VA 22322

Commander

Southern Division

Naval Facilities Engineering Command
ATTN: J. Watts

PO Box 10068

Charleston, SC 28411

Commander

Western Division

Naval Facilities Engineering Command
ATTN: W. Moore

San Bruno, CA 94066

Officer in Charge
Trident
Washington, DC 20382

109

D e e e b ten i bl g

R T AI PUITAREIN

LA e s




-

-t

PRy TR T KO P T T

g —

¥

e A e e kB4

T

Commander

Atlantic Division

Naval Facilities Engineering Command
Norfolk, VA 23511

Commander

Naval Ammunition Depot

Naval Ammunition Production
Engineering Center

Crane, IN 47522

US Army TRADOC Systems
Analysis Activity
ATTN: ATAA-SL (Tech Lib)
White Sands Missile Range, NM 88002

Commander

US Army Armament Materiel and
Readiness Command

ATTN: DRSAR-LEP-L

Rock Island, IL 61299

US Army Materiel Systems
Analysis Activity
ATTN: DRXSY-MP
Aberdeen Proving Ground, MD 21005

Weapon System Concept Team/CSL
ATTN: DRDAR-ACW
Aberdesn Proving Ground, MD 21010

Technical Library
ATTN: DRDAR-CLJ-L
Aberdeen Proving Ground, MD 21005

Technical Library
ATTN: DRDAR-TSB-S
Aberdsen Proving Ground, MD 21010

Technical Library

ATTN: DRDAR-LCB-TL
Benet Weapons Laboratory
Watervliet, NY 12189

110

e e Al

L - ;
e L2 LM G = e Wit

e oA Dl

o

{
A WY Oy LTI 0 T s T e T “Q




Commander
Radford Army Ammunition Plant
Radford, VA 24141

Commander
Newport Army Ammunition Plant
Newport, IN 47966

Officer in Charge of Construction
Trident
Bungor, WA 98438

112




